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P  REFACE. 


'Y'I  1 (U'sii;'ii  ol  lliis  work  is  to  afford  lo  the  student, 
{lu‘  arlisan,  the  luccluinic,  and  in  fact  all  who  arc 
iiUc'ceslc'd  in  science,  whether  yoiiiij;*  or  advanced  in 
years,  a  I’eady  nu'ans  ol  accjuirinn;  a  _c;eneral  knowledge  of 
j)hysi(^s  by  the  e\| )iManiental  method.  One  of  its  i)rincipal 
j)ur])i)S('s  is,  also,  to  liiniish  lo  the  teaclier  suggCvStions  in 
experimeiilal ion,  whicdi  will  he  lu'lpful  in  making  class- 
roDin  work  inlcn'eslin^*  ajin  airraciive,  rather  than  dry  and 
nil  UK  il(  )nous. 

Most  ol  (he  appKi'atus  Iiere  illustrated  and  described 
mav  be  ei ins( rueti'd  aiul  use<l  by  any  one  having  ordi¬ 
nary  meehanieal  skill.  Simiile  and  easily  made  devices 
have  been  chosen  lor  physical  demonsl ral.ion. 

W'il  1)  seareeU'  an  t^xceplion  the  ('xperimenl.s  described 
were  pertnnned  at  ibcj  linn^  of  wo'iling,  l.o  insure  fullness 
ol  delail,  and  to  avoid  inat:cnracies.  d'he  rc'ader  can 
Iherefore  be  assured  (liaf  by  following  lln.*  insl  I'liel ions,  sue 
eess  w  ill  be  l  erlain. 

Mai  hemal  ies  has  btwm  almost  cmlirely  c^xcluded.  'I'ho 
tew  problems  presenl<*.cl  are  capable  of  arithmetical  solu¬ 
tion.  The  imporlanec  of  nial.hemal it:al  knowledge.',  in  a.ll 
branches  of  science  is  fully  recognized,  but  Ihe  majority 
ol  slndents  have  lillle  t.asi.e  for  the  intricacies  of  numbers, 
h’araday  vvas  an  illustrious  exanpile  of  a  scientific  man 
without  great  mathc'Uiatical  proclivities. 


IV 


PREFACE. 


The  iate  Clerk  Maxwell,  one  of  the  most  eminent 
mathematicians  and  electricians  of  the  present  century, 
said  :  “  A  few  experiments  performed  by  himself  will  give 
the  student  a  more  intelligent  interest  in  the  subject,  and 
will  give  him  a  more  lively  faith  in  the  exactness  and 
uniformity  of  nature,  and  in  the  inaccuracy  and  uncertainty 
of  our  observations,  than  any  reading  of  books,  or  even 
witnessing  elaborate  experiments  performed  by  professed 
men  of  science.” 

A  large  proportion  of  the  material  of  this  work  con¬ 
sists  of  original  articles  published  from  time  to  time  in 
the  Scientific  Amcrica7i.  These  have  been  revised  or  re¬ 
written,  with  copious  additions  of  text  and  engravings. 
Very  few  of  the  conventional  illustrations  of  the  text 
books  have  been  used.  Most  of  the  engravings  are  now 
for  the  first  time  given  in  book  illustration. 

The  leading  principles  of  physics  are  here  illustrated  by 
simple  and  inexpensive  experiments.  The  endeavor  has 
been  to  make  the  explanations  of  both  apparatus  and 
experiment  plain  and  easily  understood. 

If  what  is  here  w’-ritten  shall  induce  any  who  are  now 
indifferent  to  the  subject  to  begin  the  study  of  physics 
experimentally,  so  as  to  gain  even  a  faint  conception  of 
the  marvelous  perfection  of  the  physical  world,  or  if  any¬ 
thing  in  these  pages  proves  helpful  to  those  who  instruct, 
or  who  seek  scientific  information,  the  end  sought  by  the 
Vvriter  will  have  been  gained. 

George  M.  HopiaNs. 


New  York,  January,  1890. 


PREFACE  TO  EDITION  OF  1898. 


scvcntccnl.h  edition  of  Experimental  Science  con¬ 
tained  an  appendix  including  much  new  matter,  but, 
ill  t.lie  four  years  which  have  elapsed  since  the  publication 
of  tin’s  etlition,  several  startling  physical  discoveries  have 
been  made,  among  which  are  the  X-Ray  and  its  phenom- 
(‘iia,  Wireless  Telegraphy,  the  Liquefaction  of  Air,  and 
Acetylene  Gas.  These  have  been  included  in  the  present 
edition.  ]3esides  these,  a  number  of  additional  experiments 
ari‘.  given,  some  of  which  are  new  and  original.  The  book 
has  betm  considerably  enlarged  by  the  additions,  and  it 
lias  been  revised  so  that  it  is  in  accord  with  recent  ideas 
of  l!ie  subjects  treated. 

'riie  new  matter  added  will  prove  acceptable  to  such  as 
se(‘k  information  on  the  more  recent  scientific  discoveries. 

George  M.  Hopkins. 

September  7,  1898. 


PREFACE  TO  THE  TWENTY-FIFTH  EDITION 


|N  onlcr  lo  (Ik-  scope  o('  (his  work,  (he  aitlhoi'  has 

I'HaNcti  llu*  railin'  ri-id  rule  lierelolore  a.lhere.l  lo. 
which  calle.l  (ur  (he  (rial  hy  hiiusell  of  evi'ry  pinv  o|'  ap 
P-n-a(iis  (les, -rilled  in  ils  pa-es.  and  has  now  avaih-d  himsell 
tli<-  r^p<-i  i,‘n('e  of  olhers.  Ur  is  (hereloi'c  alih-  lo  pres<-nt 
of  (In-  Iwenly-hKh  ediliou.  a  lull  <-Nplana(ion 
‘>1  (!»'  roivphase  (leiieralo)-.  liidiielion  Molors.  and  Koiai  \ 

I  ranslormers,  also  l<,  yive  aeenra(e  information  r.-ardim- 

'•-'nstruetion  of  modern  dii'cei  eurrnil  mo(ors  (or  i  o', 
\'(t|(,s  [iressui'e. 

A  full  (h-seriplion  o(  Idlison’s  New  S(orae.f  Halle,  \  is 
’•'•'■"‘li'c-ed.  also  some  ini , -rest  inn-  experiments  l>\  Ih'of.  John 
H  "U  1)1  idye,  aiid  some  hdeelrieal  Measnriuy  Appaiain-.  lo 
N.  Monroe  Hopkins.  Wiia-h-ss  h-h-o-raplM  is  hronejil  up 

(lisniveries  an-  noticed, 
o'vii.y  (o  (he  o.,-ea(  amount  ol  ueu 
luilihshed  in  (wo  volumes,  ll  presents  Iho  m.ue 
.l.'velopmeuts  in  modn'u  .seieiu'e.  and  .yives  iulonn 
;>1|.)U  whu  h  asCsts  the  r<-ader  in  nimprehetidiny  (he  ■;,<-,( 
snieut ilit-  <(ues(ious  of  (he  day. 
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EXPERIMENTAL  SCIENCE. 

CH/\[''I'HR  I. 

iM<oi>KR'rii':s  oi’  r.oDiKs. 

ExlxMisi(Mi,  impend rability,  divisibility,  porosity,  com- 
pressibilit  v,  elasticity,  inertia,  and  ^'ravity  are  i;-ciicral  [)ro])er- 
tics  coinmoii  to  idl  bodies,  whet.her  solid,  lic[idd,  or  i2,'aseons, 
while  some  bodies  ])osscss  s])ccitic  pro[)erlies,  such  aSvSolidity, 
lluidity,  teiuicity,  malleability,  color,  hardness. 

ICX'l'  !■;  NS  I  ()  N  AND  I  M 1 '  1 N ICI’  R  A  P.I  L  I'l' V. 

'.I.'o  all  matter  must  be  attributed  two  essential  qiia,liti(,‘s : 
linst,  that  in  virtue  of  which  it  ocxaipies  s])aec‘,  a.nd  which  is 

Fic,  I. 


A  Ihitful  of  Cotton  ill  a  Tuinlilorful  of  Alooliol. 

known  as  t;xtension,  and,  second,  that  which  allows  only  one 
jiartich;  or  atom  of  matter  to  oc:cupy  a.  i^iven  si)ace — tlu; 
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property  known  as  impenetrability.  That  matter  occupies 
space  is  appreciated  by  our  senses,  and  needs  no  paiTicular 
proof,  but  that  two  portions  of  matter  cannot  occupy  the 
same  space  at  the  same  time  sometimes  seems  anomalous,  as 
is  shown  by  some  of  the  following  experiments. 

Into  a  tumbler  filled  with  alcohol  may  be  crowded  a  hat¬ 
ful  of  loose  cotton  without  causing  the  alcohol  to  overflow.* 
The  success  of  the  experiment  depends  upon  the  slow  intro- 

FiG.  2, 


duction  of  the  cotton,  allowing  the  alcohol  to  invest  the 
fibers,  before  they  are  fairly  plunged  beneath  the  surface 
of  the  alcohol. 

In  this  experiment  the  penetration  of  the  alcohol  is  only 
apparent;  the  fibers  displace  some  of  the  alcohol,  but  the 
quantity  is  so  small  as  not  to  be  observable.  If  the  cotton 
were  compressed  to  the  smallest  possible  volume,  it  would 
be  found  to  occupy  but  very  little  space.  So  small  a  body 

*See  also  chapter  on  projection. 
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would  be  iucapublc  oL’  niisino-  the  level  of  the  alcohol  eiioiig-li 
to  be'  a{){)reciable  Ip’’  an  ordiaary  observer. 

A  more  pimzlin^-  experimemt  eoiisists  in  slowly  iiitro- 
dueine;  some  line;  su^'ar  iiilo  a  tumblerful  of  warm  water.  A 
t:ouslderal)le  eiuanlily  ol  su5.;'ar  ma\'  be  dissolved  in  the  water 
witliout  increasin';'  i(s  bulk  appi'eeial)! y. 

llc'i'e  the  pli\'sieist  is  forced  to  aekiu)whal_t;'e  that  cdtber 
the  water  is  pi’iiet rated  or  its  atoms  are  so  disj)osed  as  t.o 
receiver  the  suf^'ar  be'twcen  them,  [)ossibly  in  tlie  same;  wa})- 
as  a  scuttle;  lille-d  vvdt  h  coal  ini^'ht  e:ontain  al.so  a  bucketful  of 
sand.  'I’lus  latte'r  view  is  adhe;red  to.  The  ate)iii  or  ultimate 
particle  is  he;lel  to  be  impenet.rable. 

lu  the  case  of  the;  mixture  of  water  and  alcohol,  or  water 


Fn;.  :i. 


Kcin'csdiitiuK'  Volume  of  t'limixc 
.•Mcdhol  and  Walei . 


Rcduclioii  of  Volimio  of  Alcohol 
and  Water  M  ixUire. 


and  sulplmrie;  acid,  a  curious  ])he;nomeuon  is  [>r(;se;nted. 
'Take;  alcohol  and  water  lor  example;,  lujual  vohimt;s  of 
ale'ohol  and  water,  when  mixed,  oeeu[)y  le;s.s  space;  ( ban  wlien 
sepai'at.e;.  If  the  sum  ol  t.lie;  volnme-s  of  t.he  two  se;i)arat.t; 
lieiuids  is  RX),  the  volume;  e)f  the;  mixture;  will  lx;  oidy  ej.;|..  In 
the  case;  of  the;  mixture;  of  snlj>lmric  acid  and  wat.e;r,  the  (liJ- 
fere'uet;  is  <;'reate'r. 

An  easy  way  to  perform  this  experiine;nt  is  t.o  till  a  narrow¬ 
necked  llask  up  to  a  line;  whit;h  may  eu)nve;niemtly  be  marked 
by  a  rubber  band  are)und  the  ne'ck,  then  ]'c;ine)vinf;'  one-half 
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of  t.h(‘  watc'i',  inrasuriiii;'  it  exactly,  and  rcj )laeiii;>  it  with  .» 
volume  of  alcH)lu)l  exact  .\'  (filial  to  t  hat  nl  I  he  w  atei  i  ciiu  w  et  1. 
It  will  be  tound  that  wluai  t he  liiiuids  a l  e  mixed,  t  he  ndxt tii ' 
will  not  lill  the  Hash  up  to  (he  oripiual  lu.ii  k.  ■ 

’I'iu' only  rcxisotiahle  explaualioii  oi  this  [ iheiu uitcUMU  e 
that  tlu'  molccnilc'S  ot  the  two  liipiids  accouum  >date  thfiu 
selves  to  t'ach  oth-.  i'  iu  such  a  m.iiuier  as  to  icduce  the  ptue  . 
and  thus  diminish  the  volume  ot  the  mixture. 

iu\  i.siiai.i  I  \ . 

'The  propert  V  ol  a  hodv  which  a'liuits  oi  M’pai.it  lue,  if 
into  distinct  parts,  and  whi('h  is  known  as  di\  isihihi  v  .  is  p*'  - 
sessed  h\'  all  inafter.  An  exaiujile  ol  ext  i  erne  di\ isil  lilsl  \  i 
lound  iu  I hc'  coloriiu.:,'  ot  a  pad  oi  wat ei  w  it  h  .i  minute  j  su  f  it  ;* 
ol  aniline, 

I'l  )K(  'SI  I  \ . 

Thci'c  ai'e  two  kinds  ol  jioie  .,  \i/,,  ph\sital  <>1  iiil<  t 
molecular  pores  and  sensible  [loios.  In  the  oasr  o!  th. 
toriner,  tin’  interspaces  aie  so  small  tlmi  the  niolri  uh  .  ,io 
within  each  other's  inlhieiicc  and  nia\  .ilti.icl  o;  io{ko  r.ii  h 
other.  Expansion  h\‘  he.at,  conti.iction  b\  n'dm  fion  • »!  f«  iu 
])c‘ral  ure,  and  rednet  ion  ol  volume  h\  ( <  nnpi  essi« m  .u  t  .liumr  ■ 
examples  ol  pheuommi.a  rendered  possible  h\  (he  exisiMut 
ol  ph\‘sica!  pores. 

Sensible  poix's  are  small  cavities  or  spaces,  actos-,  %\  lu»  n 
niolecutar  lorces  are  unable  to  act. 

The  c-xperiment  illnstraied  h\  Idy.  shows  tljo  «'xislt  m  > 
ol  sensible  pores.  In  the  neck  ol  an  Aosind  i  hinmo\  }■,  r,, 
S('rtial  a  plnp,'  ol  Malacca  wood,  which  is  sc.ded  .tiotoji!  fh* 
periphciw  with  wax  or  parathac.  la  tlm  lopol  t Ijr  i  h jata*  % 
is  inserted  a  stoppei',  thioupii  which  pjojerts  a  slant  jd.c 
tube,  bavins^'  its  upper  end  beui  o\er  or  cappei}  with  a  -au.ih 
test  tidic.  To  1  lie  outer  end  ol  the  i;I,iss  lube  is  applied  .i 
rubber  tnlxx  When  the  chlmue\‘  is  in  an  invcit<-tl  pMsiftou, 
as  shown  in  t.he  eneraviiup  a  (piantitv  o!  inercurv  is  phued 
in  t  he  iariyer  part  ol  t  he  <-hinmev,  and  1  he  air  is  paitl\  c  \ 
hausted  trom  tin*  ehimney,  by  applviap  the  mouth  to  ihr 

*  Sec  al'.ii  itu  (  liiiu. 
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rul)l)cr  tube  and  siiclcin^'.  'PIr'  nu'rcniry  readily  passes 
thr()Ui;'li  Ihe  porous  wood  and  lails  in  a  slmwei'.  IJy  einploy- 
in_i;'  an  air  ])uin])  lor  produoiii”’  (he  [)arlial  vaiainni,  (he  iner- 
eiiry  may  be  tli-awn  Ihroui^'b  a  plufj;'  ol  piius  1  bese  e\peri- 
incails  show  in  a  slrikim;'  inainu'r  llii'  porosit)  in  a  lonspiludi- 
nal  dirccliou  of  llu'st'  pic'cx's  ol  wood. 

Wood,  vt\”'c'1ablc‘,  and  animal  lissnes,  spt)n,t;'c‘,  puniiee 
st.onc,  and  many  other  snbslanees  Inivi'  sensible  pores  that 


Cl... 


ma\‘  readily  beseem  t’lnsieal  juu'e.s  eaniiot  be  seen  even 
by  (he  aid  ol'  (he  nmsl  |!o\\erlnl  microscope;  but  tlmir 
('xislenee  is  proyeil  b^•  (he  hn  (  (hal  all  bodit-s  nnn'  be  coin 
pressed  or  diminislual  in  volnnie. 

Staisible  [lores  play  an  im|ior(an(  paih  in  (be  operations 
ol  nalnre,  es|H‘ciall \'  in  (he  ye^ctable  and  animal  kine.doins. 
d'he  jiroperl y  ol  [)orosi(\'  is  ntili/eil  in  (In'  arts,  in  the 
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{ilt'.ration  of  liquids,  ill  liio  alisorption  cl  licjuids  and 
in  cicctrolyfic  processes,  in  ass:i}'inq-.  ric. 


COMi’KKSSIini.ri'N  . 

d’hc  ])ro[)crty  by  virtue  ol  whieli  a  body  may  be  dimi 
iiivsbcd  in  volume,  by  jiri'ssure,  willuMU  Insinj^'  weii-ld. 
known  as  comprcssibilit  y.  'This  prnpcrly  is  possessed  in  ilu* 
.^■rcat;cst  dc^'rcc  by  i^'ases,  wbieli  may  lu-  ledueed  b\  etnn 
pressiou  to  from  oue-l.cnl h  to  oiuoluiiidredt ii  tbeir  oiii'in.il 
volume. 

The  simplest;  piece  of  apparatus  tor  showiiyq  tbe  tom 
pressiou  of  a  ^as  is  a  wi'll-madt'  toy  poppuii,  sueli  bn  cv 
ample  as  that;  shown  in  l-'Ie,-.  <>.  By  (•losiui;’  the  tnoutli  *it  thi-. 
^^'iin  by  means  of  a.  piectM)f  sheet  metal  oi'  mica,  and  oiline. 


Tlui  bop/uin  usod  :\n  a  jaiciiiD.itic  Sv(ifi).;c. 


the  piston  well  with  a  lieavv  oil,  to  prevent  the  eseapc'  (h  .ui 
from  the  barrel,  it  may  rt'adily  be  shown  that  the  aii  eon 
tained  by  the  barrel  may  be  j^naaitly  reduced  in  v«)hn!u*  \^\ 
simply  piishine-  in  the  piston. 


KL.VS'riCFI'V.^' 

When  a  body  resumes  its  ori^^'inal  lonii  or  volume  alon 
distortion  or  compression,  it  ])ossessc*s  the  proper!  \  iif  rl.j-. 
licil.y,  «nid  is  thciefoie  knowni  as  an  elastic  1)0(1\‘.  I*ila'«{i(  it  \ 
irniy  be  shown  by  jnessuri*,  by  bending',  b\‘  tcjrsion  itr  t\\  i%t 
in^r,  or  by  tension  or  st retehinn-.  (iases  and  li(|ui(kare  pen 
Icctly  clastic.  When  compressed  and  afterward  allow  ed  ft» 
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return  to  their  oriji^inal  pressure,  they  are  found  to  possess 
exactly  their  orijrinal  volume. 

Among  solids,  glass  is  apparently  perfecl.ly  clastic.  A 
plate  of  glass  bent  under  j)ressure  and  allowed  to  remain 
under  stress  for  twenty-five  years,  when  released  and  care¬ 
fully  tested  for  any  permanent  set,  was  found  to  have  re¬ 
turned  to  exactly  its  original  shape.  Elasticity  by  Ilexurc 
or  bending  is  seen  in  various  springs,  such  as  canaage 
springs,  gun-lock  springs,  etc. 

The  elasticity  of  torsion  is  exhibited  by  door  springs  of 
certain  forms,  spiral  springs,  and  by  twisted  threads  of  cot¬ 
ton,  linen,  and  other  material.  The  elasticity  of  tension  is 
shown  in  the  strings  of  all  stringed  musical  instruments,  and 
notably  in  soft  rubber  in  its  various  forms. 
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KKS'r,  MOl'lON,  and  FORfl-:. 

A  body  is  .said  to  be  at;  rest  wlu’n  its  position  is  not  bcin^; 
chaug'cd,  but  this  vSiati'inFiit  needs  some  (jualilieation,  siuee 
any  rest  known  to  us  is  onl)'  relative*.  All  bodies  with  which 
we  are  acquainted  are  continually  (^han^in^'  thc*ir  positifin 
cither  in  relation  to  adjacent  obj('ets  or  alon^'  with  adjai:ent 
objects  relatively  to  distant  objects,  b'or  exainph*:  a  howl- 
der  is  said  to  be  at  rest  when  it  maintains  its  position  relative 
to  the  earth’s  surface!,  but  since!  the  eairlh  itself  is  not  at  re*st, 
it  is  evident  that  whatever  is  lixe*d  on  the  face  ol  the  eartli 
cannot  be  at  rest. 

On  the  other  Iiand,  it  the*  bowlder  were  rollini^  down  :i 
declivity,  it  would  be!  chan|j;'in|4*  its  positie)n  relative  te)  the 

th  s  surface  iis  well  as  to  all  other  obj{*ets,  and  woultl 
therefore  be  said  to  be  in  niotiein  i  hut  a  beuly  may  be* 
apparently  in  motion  while  in  reality  absolutely  at  re.st.  If  we* 
were  to  suppo.se  a  body  projected  from  the  e*arth  into  .spaea- 
with  a  velocity  e((ual  to  that  of  tlu!  earth,  but  in  a  directitm 
opposite  that  ol  tne  earth’s  mention  and  uninfluenced  by 
heavenly  bodies,  the  body,  althou^’h  havifi|4*  apparcmtly  a 
hi^di  velocity  relative  to  tiu!  (-arth,  would  be  abscduteiv  at 
rest. 

ink’ktia. 

No  body  is  of  itself  abiti  tf)  change  from  a  state  of  rest  t«> 
a  state  of  motion,  neither  (.*an  a  IhhIv  in  mtuion  c'iuui|,^e  its 
direction  or  pass  unaided  to  a  .state  of  rest.  Tlmt  which 
causes  or  tends  to  cause  a  body  to  pass  from  a  statet  of  rc*st 
to  one  of  motion,  or  accelerates  or  n'tards  the  motion  of  a 
body,  or  eban^a's  its  direction,  is  kiunrn  as  h'oree.  'flu* 
ineapal)ility  of  mattt*r  to  ehan^u*  Irotii  r{*st  t<}  motitni.  or  the 
rever.se,  is  a  ne^mtive  properly  known  as  Inertia. 

To  inertia  is  due  the  e<|uali>:inu'  (*|j,.c(  of  flywheels  ;  whc*n 


RKST,  MOTION,  AND  l''()R(T': 


0 


set;  in  motion,  tliey  t.end  to  niaintuin  tlu'ir  revcJiition  in 
opposition  to  considerable  resistance.  If  suOicient,  force  is 
applied  to  tlu^  llywlu'C'l  to  coiintc'raci  the  n'sistance,  a  prat:- 
ticall}^  e([nal)le  motion  is  secured,  even  thoii<j^li  the  force 
applied  be  an  intermittent  one. 

The  top  is  an  exanpilc  of  [)ersistent  notation  diu^  t(i 
inertia,,  d'o  iiunlia  is  due;  the  action  of  project, lies,  hamnuu's, 
drop-prt'.sses,  also  the  hydraulic  ram. 

'I'he  })ropca-t;y  of  inertia,  the  stora^’C  of  power,  the  trans¬ 
fer  of  powc-r  by  friction,  and  the  conver.sion  of  rotary  into 
rectilinear  motion  are  illustrated  by  the  toy  locomotivt'  shown 
ill  the  annexed  en<j;-raving'.  The  flywheel,  A,  is  monnteil  on 
the  shaft,  B,  which  rc'sts 
on  the  supportiii<j;-  and  driv~ 
in<j;’  wheels,  The  wheel, 

A,  is  spun  by  means  of  a 
string-  in  the  same  manner 
as  a  top.  By  virtue  of  its 
inertia,  the  wheel.  A,  tends 
to  contiiUK!  its  rotary  mo¬ 
tion.  If  unaffected  by  out¬ 
side  inllucnces,  it  would  run  on  forever;  but  the  friction 
of  its  bearings  and  of  the  air  aiul  other  cause's  combine  to 
bring  it  to  rest. 

The  power  imparted  to  and  stored  in  tlui  whetd,  A,  is 
given  out  in  turning  the  wheels,  overcoming  Irlction,  and 
propelling  the  machine  forwtird, 

FRICTION. 

'riie  re.sistance  caused  liy  tlur  moving  of  one  body  in 
contact  with  another  is  known  as  friction.  No  perleidly 
smooth  surlact;  can  be  produced,  all  surfaces  having  minute 
projections  or  roughnessc's,  so  that  when  the  surfaces  oi  any 
two  bodies  are  moved  In  ctontact  with  each  ot.lu'r,  the  pi-o 
jections  of  on<‘  body  engagt:  the  projections  of  tlui  other 
body,  thus  offering  resistance  to  tlie  Iree  motion  ol  tlie 
boflies.  When  tlu'  surhuH-s  are  coveretl  witn  a  lubricant, 
their  ineipudities  are  tilled  and  smoothed  ovi'r  and  tlu*  trie 
tion  is  lesseiu'd. 
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experimental  science. 


The  friction  developed  by  the  sliding-  of  one  body  upon 
another  is  known  as  “sliding-  friction,”  and  the  kind  devel¬ 
oped  by  the  rolling  of  a  body  upon  another  is  “rolling 
friction.’’  Rolling  friction  absorbs  much  less  power  than 
sliding  friction.  Owing  to  this  fact,  the  journals  and  steps. 


of  many  kinds  of  machinery  are  provided  with  roller  or  ball 
bearings,  thus  substituting  rolling  for  rubbing  surfaces.  An 
example  of  bearings  of  this  kind  is  found  in  the  pedals  and 
shafts  of  bicycles  and  tricycles,  which  are  provided  with 
ball  bearings. 
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C.EN'l'RIFLKiAl.  FORCE 


The  normal  path  of  any  moving-  body  is  a  straip^-ht  line; 
the  body  can  be  ma.de  to  move  in  a  curved  path  only  by 
restraining  it  suriiciently  to  counteract  its  tendency  to  leave 
u  circular  path  and  move  in  a  strai^^ht  line.  'Fliis  tendency 
is  called  centrifu^uil  force.  When  a  body  moving  in  a 
circular  path  is  released,  9. 

it  does  not  lly  olf  radial¬ 
ly,  but  on  a  line  tangent 
to  the  circular  path.  The 
fact  that  a  body  travel¬ 
ing  in  a  circular  i)ath, 
when  released  from  all 
restniint,  will  mov(i  in  a 
straight  line,  ])rovt“s  that 
the  normal  j)ath  of  a  mov¬ 
ing  body  is  a  straight 
line.  The  centrifugal  rail¬ 
way  repre.senlcd  in  Fig. 
iS  shows  with  wluit  force 
a  restrained  body  tends 
to  fly  from  a  circular 
path. 

'riiis  railway  is  made 
in  the  same  manner  as 
the  swiftest  descent  ap¬ 
paratus  described  on  air 
other  page.  'Pwo  wires 
are  bent  into  spiral  loops 
around  a  cylinder,  and 
the  extremities  are  curv-  ; 
ed  upwardly  as  shown. 

The  two  curved  wiresare  , 

,  ,  ,  ,,  ,  buinil  Kiiilway. 

connected  together  by 

curved  wire  cross  pieces  fa.stened  by  soldering,  and  two  wire 
feet  are  attached  to  complete  tlie  a[)paratus.  No  })arlicular 
rule  is  reipiired  for  the  con.struction  of  the  centrifugal 
railway.  I'he  only  j)recaution  necessary  is  to  see  that  the 
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hci<^ht  of  the  higher  end  of  the  raihva}- is  lo  tlie  lieiij;-lil  <>1 
tlie  cireuhu-  part  in  a  ifreat er  nit '<>  Ihnn  5  I04. 

A  hall  started  at  the  hi,s;-her  (‘nd  of  the  I'aihva)’’  loHows 
tlu:  track  to  the  ()ppc)site.  end,  aiul  at  one  point  in  its  (ra\-el 
il  is  lield  by  centrifno-al  force  a^'oinst  tlie  under  side  oi  the 
li’aelc  in  opposition  to  the  foret^  of  fiii'avit}’. 

In  9  another  example  of  ceutrifuf^al  action  is  exhi 
hited  by  a  spiral  raihva}"  n|K)n  wdiie.h  a  ball  rolls  down  upon 
a  track  consistin”-  of  two  rails  arran.rfe.d  vertically  one  over 
the  other.  The  track  is  foniuul  i»l  two  win;s  bent  spirally 
and  eonnected  by  curved  cross  pieces,  as  in  the  ease  of  the 
centrifiij^al  railway  already  desoi’ibed.  'riu;  uppm'eonvoln- 
tiua  of  the  spiral  is  twisttul  S( )  that  tlu^  ball  nuyv  starl  on  a 
horizontal  track,  llurinjy  its  (h'.seent 
on  the  (wisfi'd  portion  of  the  track, 
the  hall  aia  juire.s  sniliiaent  luoineiiluui 
to  eau.se  il.  to  follow  tlu;  vertical  track, 
beiiif;'  lield  ou f  wardly  an-aiust  iluM'ails 
by  eeiUrit'uj^al  force,  'riu:  desceiil  ol 
the  ball  in  aceek:rateil.  Tlu'  spiral 
railway’'  ri’presented  in  the  eiip'raviiif; 
is  i  wo  feet  hij^di,  si.x  Inclicxs  in  diaineler, 
the  rails  bcdiify  V  inch  ;ipar(. 

The  tdl’cet  of  ceiitrifufji’al  loree  on 
air  is  lienutifuUy  exhibited  by  the 
orcliiiury  cdioral  to]).  .'\s  the  lop 

spins,  air,  whiirh  eaters  tlie  Imles  at 
the  lop,  is  disehar/i>'ed  thnnii^h  the  holes  at  the  ecjualor  b\ 
cent rifup;al  force.  'Die  air,  in  ^oiu}^’  tlirouf4"h  the  top,  passes 
through  a  series  of  I'ceds,  seltiipjf  them  in  vihration,  pro 
chiehifj;;  af^reeablc  mu.sical  sounds. 

The  iinuexed  cnj.>Tavin|jf  slio ws  a  very  simple  but  idfeel ive 
devitre  for  exliibilin^  the  effect  of  centriluj^al  fori'c  on  Ut|tiids. 
It  is  a  hollow  ^'lass  top  of  spheritml  form,  haviiip;'  a  lubiihu 
stem,  and  a  ])oiiit  cm  wliielt  to  spin. 

ThCvSe  tops  arc  filled  wdlh  variou.s  licpiids,  some  of  (lu-in 
containing'  two  or  more.  The  one  shown  at  Idfy.  1  i  is  Idled 
partly  with  water  and  partly  with  air.  When  the  lop  is 
spun,  the  water  Hies  as  far  from  1  be  laniter  as  [lossiiile,  leav- 
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injj;'  in  (lie  ctnilnr  of  llu-  s[ihcn'  an  air  space,  \vliic;h  al  first  is 
aliunst.  jicrlcclly  cylindrical,  liul:  which  f^Tadiially  assuiiu's 
the  lonu  of  a  [larahola  as  (lie  xadochlv  of  the  lop  tiiiniuishcs. 
At  2  is  sliown  a  top  Inu’iiiy  a  lilHufj;'  consist  in, s;'  of  air, 


water,  and  a  small  cpninlily  of  mercury,  'riic  walc.r  acts  as 
above  clc.sci'ibcd,  and  (he  mercury  forms  a.  brij^'lit  band  at 
the  (‘([ualor  of  the  sphere. 

Al  3  is  shown  a  loji  conlainiufji;  water  and  oil  (kerosene). 
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The  water,  being  the  heavier  liquid,  takes  the  outside 
position,  the  oil  forming  a  hollow  cylinder  with  a  core  of 
air. 

The  top,  after  being  filled,  is  corked  and  sealed.  It  is 
spun  by  the  hands  alone  or  ^vith  a  string  and  the  ordinary 
handle.  The  diameter  of  the  top  is  i-l-  inches.  It  is  made 
of  considerable  thickness,  to  give  it  the  required  weight  and 
'strength. 


A  SCIENTIFIC  TOP. 

Every  street  urchin  can  spin  a  top,  and  get  an  unending 
amount  of  amusement  out  of  it;  but  it  would  seriously  puzzle 
the  majority  of  “boys  of  larger  growth”  to  satisfactorily 
explain  all  the  phenomena  of  this  simplest  of  toys. 

Why  does  it  continue  to  revolve  after  being  set  in  mo¬ 
tion  ?  Why  does  its  motion  ever  cease?  Why  does  it  so 
persistently  maintain  its  plane  of  rotation?  When  its  axis 
is  inclined  to  the  vertical,  why  does  it  revolve  slowly  around 
a  new  axis  while  turning  rapidly  upon  its  own  axis?  And 
when  so  inclined,  why  does  it  gradually  right  itself  until  it 
rotates  in  a  horizontal  plane  ?  W  hy  does  it  not  revolve  pro¬ 
portionately  longer  when  its  speed  is  increased?  These  and 
many  other  questions  arise  when  we  begin  the  examination 
•of  the  action  of  the  top.  They  have  all  been  answered  so 
far  as  it  is  possible  to  answer  them,  still  it  is  difficult  to 
reach  far  beyond  the  mere  knowledge  of  the  actions  them¬ 
selves. 

The  top ‘has  already  risen  to  some  importance  as  a  scien¬ 
tific  toy,  but  it  is  worthy  of  being  elevated  to  the  dignity  of 
a  truly  scientific  instrument.  To  give  it  that  eminence, 
three  things  are  necessary  :  first,  a  considerable  weight,  and 
in  consequence  of  this  an  easy  and  effective  method  of  spin¬ 
ning,  and  finally  it  requires  a  good  bearing,  having  a  mini¬ 
mum  of  friction. 

The  top  illustrated  has  these  three  requisities.  It  weighs 
.3'J-  pounds,  and  its  weight  might  be  increased  somewhat 
with  advantage.  It  has  a  frictional  spinning  device  by  which 
a  velocity  of  3,000  revolutions  per  minute  may  readily  be 
attained.  It  is  provided  with  a  hardened  steel  pivot  which 
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turns  on  an  agate  or  steel  step.*  It  is  almost  perfectly 
balanced,  and  the  friction  of  its  bearing  is  very  slight. 
Wlien  unencumbered,  it  will  run  for  over  42  minutes  in  the 
open  air  with  once  spinning,  and  its  motion  may  at  any 
time  be  accelerated  without  stopping,  by  a  new  application 
of  the  friction  wheel. 

The  brass  body  of  the  top  is  6  inches  in  diameter,  and 
inch  thick  in  the  rim.  Its  steel  spindle  is  -i|-  inch  in  dia¬ 
meter  and  has  a  tapering  longitudinal  hole  which  is  J  inch 
in  diameter  at  its  larger  end.  To  this  tapering  hole  is  fitted 
the  tapered  end  of  a  rod  supporting  the  stud  on  which  the 
friction  driving  wheel  turns.  The  upper  end  of  the  rod  is 
provided  with  a  handle,  and  to  the  boss  of  the  friction  wheel 
is  secured  a  crank. 

A  sleeve  fixed  to  the  spindle  of  the  top  is  furnished  with 
an  elastic  rubber  covering  which  is  engaged  by  the  beveled 
surface  of  the  driving  wheel.  After  imparting  the  desired 
speed  to  the  top,  by  turning  the  driving  wheel,  the  wheel 
and  the  rod  by  which  it  is  supported  may  be  withdrawn 
from  the  top,  without  interfering  in  any  way  with  its  action. 

A  large  number  of  interesting  experiments  may  be  per 
formed  by  means  of  a  top  of  this  character.  Most  demon¬ 
strations  possible  with  the  whirling  table  may  be  adapted 
to  this  top,  and,  besides,  many  phenomena  peculiar  to  the 
top  itself  may  be  exhibited.  A  few  of  the  more  striking 
experiments  are  illustrated. 

By  suddenly  pressing  upon  one  side  of  the  top  with  a 
small  rubber-covered  wheel,  as  shown  in  Fig.  2  (Plate  II.), 
it  will  be  found  impossible  to  change  its  plane  of  rotation 
by  the  application  of  any  ordinary  amount  of  force.  In  fact, 
the  side  of  the  top  to  which  the  pressure  is  applied  will  rise 
rather  than  yield  to  the  pressure. 

By  placing  the  step  of  the  top  on  an  elevated  support, 
such  as  a  tumbler,  as  shown  in  Fig.  3  (Plate  II.),  and  gently 
pressing  against  one  side  of  the  spindle,  the  axis  of  the  top 
will  be  gradually  inclined,  and  a  gyroscopic  action  will  be 

*  An  agate  mortar  oftUe  smallest  size,  about  inches  in  diameter,  mounted 

•  in  a  wooden  base,  forms  a  very  good  step,  but  a  steel  disk,  having  a  concave 
upper  surface,  and  made  as  bard  as  possible,  is  preferable. 
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set  uj).  Tlic  top  will  swing-  around  witli  a  very  slow, 
majestic  movemeut,  traveling  six  or  eight  turns  per  niinule 
around  a  vertical  axis  wliile  revolving  rapidly  on  its  own 
axis,  and  it  will  slowly  regain  its  origiiinl  position. 

/Vs  the  peripheral  speed  ol  the  top  is  almost  a  mile  a 
minute,  a  little  caution  is  nece.s,sary  in  handling  it  while  in 
rapid  motion,  as  any  treatiueul;  that;  will  iriust;  it  to  leave  ils 
hearings  will  he  sure  to  result  in  havoc  among-  t  he  surround¬ 
ings,  besides  being  liable  to  injure  the  o[)erator. 

Several  methods  ol  showing  centrifugal  aelion  are  illus¬ 
trated,  the  simplest  being  that  shown  in  I'ig.  4  (I’late.  ll.) 
A  small  Ja[ianesc  uinhrelhi,  about  20  inches  in  diameter,  is 
arranged  to  be  rotated  by  tlic  to]),  by  applying  to  its  staff  a 
tube  whicli  fits  over  the  si)iudlc  of  the  to[).  In  lliis,  as  well 
as  the  other  experiments,  the  toj)  is  set  in  motion  l)efore  (he 
object  to  1)0  revolved  is  applied.  'I’lie  tube  .'ittaclied  to  the 
umbrella  having  been  ])laeed  on  the  revolving  siiindlc',  the 
arms  are  thrown  up  by  ce.utrifug.i.l  action,  thus  s[)reading 
the  umbrella. 

I'ig.  5  (Plate  I !.)  shows  a.  ring  formed  of  two  pieces  ol 
heavy  rublaa-  tubing  secured  to  two  metallic  sleeves  lilted 
to  a  rod  adai)ted  to  the  tajjering  hole  of  (he  top  spindle. 
The  lower  sleeve  is  fixed,  and  the  u|i|ier  one  is  free  to  slide 
up  or  down  on  the  rod.  Normally,  the  rubber  forms  a  ring-, 
as  shown  in  dotted  liiie.s,  but,  when  rotated,  the  centrifugal 
force  reduces  it  to  a  flat  elli[)se.  A  similar  exi)m’imen(,  in 
which  two  elastic  rings  are  seeureil  on  opposite  side's  of  (he 
rod,  is  shown  in  b'ig.  d  (Plate  lb);  the  rings  being  eirculai 
when  .stationary  and  elli])(ieal  when  revolvetl. 

In  Fig.  7  is  shown  a  device  for  illustrating  (he  I’ormatioii 
ol  an  oblate  spheroid.  /V  tube,  closed  at  the  lower  end  and 
llt(;cd  to  the  hole  in  the  (:op  s^iindle,  is  ju-ovidecl  near  ils 
lower  end  with  :i  fixed  collar  and  a  screw  collar,  between 
which  the.  lower  wall  of  a  hollow  flexible  rubber  sphere  is 
clamped.  The  ui)[)er  wall  of  the  .sphere  is  clamped  in  a 
similar  way  between  collars  on  a  sleeve  arraiiged  (o  slide  on 
tlie  tube,  'flic  tube  is  [icrforated  above  the  lower  iiair  ol 
collars  to  athnit  of  filling  the  hollow  hall  with  water.  When 
the  ball  is  filled  or  iiartly  filled  with  wa(cr,  and  rotated,  il 
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becomes  flattened  at  the  poles  and  increases  in  diameter  at 
the  equator,  perfectly  illustrating-  the  manner  in  which  the 
earth  received  its  present  form. 

The  glass  water  globe  represented  in  motion  in  Fig.  8 
exhibits  a  cjdindrical  air  space  extending  through  it  parallel 
with  the  axis  of  rotation,  the  water  having  been  carried  as 
far  as  possible  from  the  center  of  rotation  by  centrifugal 
action. 

When  the  speed  of  the  globe  is  reduced,  gravit)'  a.ssert.s 
itself  and  the  air  space  assumes  a  parabolic  form,  as  shown 
in  Fig.  9  (Plate  II.) 

In  the  globe  represented  in  Fig.  lo  the  filling  consists 
of  water  and  mercury.  The  rotation  of  the  globe  causes  I  hi; 
mercury  to  ari'ange  itself  in  the  form  of  a  narrow  band  at 
the  equator  of  the  globe. 

Fig.  It  shows  a  g-fobe  filled  with  air,  oil,  and  water, 
which,  when  the  globe  is  revolved,  arrange  themselves  in 
the  order  named,  beginning  at  the  center  of  the  globe.* 

A  Hero’s  fountain,  operated  by  centrifugal  force  instead 
of  gravit}^  is  shown  in  Fig.  12  (Plate  II.)  The  inctallio 
vessel  contains  three  concentrie  comjiartments.  The  jet 
tube  extends  downward  into  the  central  compartment  and 
is  bent  laterally,  so  that  it  nearly  touches  the  wall  of  the 
compartment.  The  intermediate  compartment  communi¬ 
cates  with  the  outer  compartment,  and  tlie  outer  and  central 
compartments  are  connected  by  an  air  duct.  The  central 
and  intermediate  compartments  are  filled  with  water,  and 
as  the  vessel  is  revolved  the  water  in  the  intermediate  com- 
partnient  is  carried  by  centrifugal  action  into  the  outer 
compartment,  and,  compressing  the  air  contained  in  tluU. 
compartment,  drives  it  through  the  air  duct,  with  a  force 
due  to  the  centrifugal  action,  into  the  central  compartmeiil, 
where  it  exerts  a  pressure  on  the  water  sufficient  to  eause  it 
to  be  discharged  through  the  jet. 


Sec  also  chapter  on  i)i'ojection. 
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CHAPTER  III. 


THE  GYROSCOPE. 

This  instrument  has  always  been  a  puzzle  to  physicists. 
Its  phenomena  seems  to  loc  incapable  ol  explanation  in  a 
popular  way.  In  view  ol  the  complicated  nature  of  the  cal¬ 
culations  involved,  no  attempt  will  here  be  made  to  explain 
the  action  of  the  gyroscope  mathc-  ^ 

matically,"  the  object  of  the  present 
article  being  merely  to  describe  a 
few  modifications  of  the  instru¬ 
ment  and  to  mention  peculiarities 
noticed  in  the  performance  of  some 
of  these  modified  forms. 

The  difficulty  of  securing  a  high 
speed  in  a  large  gyroscope  led  to 
the  application  of  a  ladction  driv¬ 
ing  device,  as  shown  in  Figs.  13 
and  13^7,  b}"  means  of  which  an 
initial  velocity  of  from  4,500  to  5,000  revolutions  ])er  minute 
may  readily  be  attained. 

The  instrument,  after  being  set  in  motion,  behaves  like 
other  gyroscopes  not  provided  with  mcan^  for  maintaining- 
the  rotary  motion  of  the  wheel,  but  its  size  and  tlie 
facility  with  which  it  may  be  operated  render  it  ver}'  sati.s- 
factory. 

The  gyroscope  wheel  is  6  inches  in  diameter,  3  inch  thick, 
and,  together  with  its  shaft,  weighs  34-  pounds.  The  annular 
frame  weighs  i3:  pounds.  So  that  5}  pounds  must  be  sus¬ 
tained  by  gyroscopic  action  when  the  counterljalancc  is  not 
applied. 

The  driving  wheel  is  yf  inches  in  diameter.  Its  face  is 


Toy  Gyroficopc. 


*  For  a  mathematical  explanation  see 
Gyroscope,”  by  Gen.  J.  G,  Barnard. 


Rotary  Motion  as  applied  to  the 
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g’yr<)SC()])c  whci’l  will  inaki-  very  luauiy  5,iK)d  I  unis  pci- iiiiii- 

U(L'.  (4,i)i^2). 

'rivis  f^^’Tosudjiu  may  In'  arraiiyi'il  as  a  Hohiu'nlicrf^’cr 
apparahis  by  rMnunaua,'  Ihu  tall  slamlanl  and  allacluii.y  liic 
slimtcr  one  to  llm  ci'Ulm-  ol  llm  liasa  by  iimaiis  dl' a  bull. 
Tlic  annular  rrainn  of  llui  inslrunuab  is  suspmidcil  dn  pivulal 
screws  in  llm  exl  reinil  ies  of  I  bn  seiuicirdular  siippdri,  wlurli 
is  capable  cif  lurnin.i;’  cm  llu;  upper  end  tif  (  be.  slmrl  standard. 
Ill  the  eni;’ravin^  (.be  slicirf,  standard,  (:djj,’et.her  wdlli  tlie  seini- 
eirenlar  snp])ort,  is  sbown  lyinf^'  ini  (he  fable.  'I'lie  usual 
emiiiterbalanee  is  also  shown  lyiiiy  on  (he.  (abb-,  b'id.  r,^ 
slidws  (he  clrive  wheel  ill  posit  inn  for  inipartiiid  iiiotion  to 
(he  i^-yroscaipic  wheel,  and  h'ip,'.  ry?  shows  (he  drivinj^  wheel 
wididraw'ii  and  the  dyroseope  in  action. 

As  (his  iiist riiinent  does  not.  ililTer  from  (he  ordinary  one, 
e\'ee[)(;  in  (he  apiilieation  of  the  driving,'  inecihaiiism,  it  will 
be  uiinece.ssary  hi  f^’ci  into  particulars  rep;ardiup,' its  [lerforui- 
anee. 

In  Fipfs.  14,  15,  and  id  are  shown  pneumatie  ^'yroseopes, 
and  Fig.  17  represents  a  steam  gyro.seojie. 

The  pneuinatiie  gyro,si:o[)e  sliown  in  b'ig.  14  consists  of  a 
heavy  wheel  provided  until  Hat;  arms  arranged  diagonally, 
like  (he  vanes  of  a  unndinill.  'I’he  wheel  is  iiivoled  on 
delicate  points  in  an  amudar  frame  having  an  arm  iiivoled 
in  a  fork  at:  (he  top  of  the  vertical  .siipport.  The.  arm  of  (he 
annular  frame  carries  a  tube,  which  tenninales  near  (he 
vanes  of  (he.  wheel  in  an  air  nozzle  which  is  directed  toward 
the  vanes  at  (he  proper  angle  for  seiuiring  (he  higliest  velo¬ 
city.  d'be  opjiosile  end  of  the.  (uiie  is  prolongi'd  lieyond  (he 
pivot  of  (he  frame. 

The  snpiiort  of  (lie  aiinnlar  frame,  sliouni  in  vertical  see- 
tiou  in  Fig'.  15,  consists  tif  an  inner  and  outer  (nbe,  the  inner 
Lube  having  a  closed  upper  mid  (erniinating  in  :i  pivotal 
point.  'I'lie  lower  end  of  (his  lube,  eomnuinieates  with  (he 
horizoutiil  tube,  ihrough  which  air  is  supplied  (o  the.  iiia- 
chine. 

A  .sleeve,  closed  at  i(s  upper  end  and  carrying  (he  fork 
in  which  the  arm  of  the  annular  frame  is  pivoted,  is  inscrteil 
in  the  .space  between  the.  inner  and  ouler  lubes,  and  (urns 
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on  the  pointed  end  of  tlic  inner  (nhe.  'I'he  inner  tube  is 
perforated  near  its  pointed  emi,  to  permit  of  l.lie  (rseape  of 
air  to  the  interior  of  the  sleeve,  and  the  lower  end  of  ihe 
sleeve  is  sealed  by  a  quantity  of  nunaairy  contained  by  tlur 
sjiace  between  the  inner  anil  outer  tubes.  The  air  piiie  ear- 
ried  by  the  annular  frame  communicates  with  the.  npiier  end 
of  the  sleeve  by  a  Ilexible  tube.  When  air  nnder  [)re,ssure 
passes  throuq'h  the  inner  pointed  tube,  tbrouf^'h  the  sli'eve, 
and  throug-h  the  air  nozzle,  and  is  i)rojecl:ed  a|^'ainst,  Ihe 
vanes  of  the  wheel,  the  wheel  rotates  with  j4;reat  rapidity, 
and  the  f>’yrosco])e.  behaves  in  all  respects  like  the  elect rictil 
gyroscope  I’eferred  to. 

The  gyroscoin;  shown  in  Fig',  id  is  adapted  to  Ihe  stand¬ 
ard  just  described,  but  the  heavy  wheel  is  replaced  by  a 
very  lig^ht  i)apcr  bail,  who.se  J'otation  is  mainlained  b3'  Iud 
tangential  air  jets,  which  [ihpv  upon  it  on  ditmiel rically 
0]ii)osll:c  sides,  and  nearly'  o]i[iose  each  other,  so  far  as  their 
action  on  the  surrounding  air  is  concerned.  'I'hc  rotary 
motion  is  produced  solely  by  Ihe.  fricliiai  of  Ihe  air  on  Ihe 
surface  of  the  ball.  'The  upwardly  turned  nozzle  is  arranged 
to  deliver  an  air  blast  which  is  a  little  stronger  than  that  of 
the  lower  nozzle,  so  tlnit  a  slight  reactionary  force  is  secured, 
which  assists  the,  gyroscope  in  its  movement  around  the 
vertical  pivot  suflicienlly  to  cause.' the  ball  to  maintain  its 
horizontal  plane  of  rotation  coni imiously.  In  fact,  this 
gyroscoi)e  will  start  from  Ihe,  position  of  i-est,  raise  il.self  in 
a  spiral  course  into  a  horizontal  plane,  and  afterward  con¬ 
tinue  to  rotate  in  the,  .same  plane  so  long  as  air  under  pres- 
.sure  is  su|iplied. 

It  may  be  questioned  whether  this  machine  is  a  true 
gyro.sco])e.  However  this  ina)'  be,  it  is  certain  that  the 
reactionary  power  of  Ihe  stronger  air  jet  is  of  il.self  insulli- 
cient  to  produce  the  motion  about,  I  he  vert  ical  pivot  ;  neil  hei 
is  then;  a  .snUicient  v'acmnii  at  the  lop  of  the  ball  to  produce 
any  appreciable,  lifting  elTect. 

The  sleaiii  gyrosciqx;  shown  in  I'ig.  ly  hardly  needs 
(;xplanation.  It  differs  from  all  the.  others  in  g-eneraling  its 
own  power  within  its  moving  parts.  Tin;  bin'ler  is  su[)i.or|. 
ed  bv  trunnions  resting  in  a  fork  arranged  to  turn  on  a  liuf 
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lillUOllS  as  jiossiliii',  ''>>  lil.ll  ll  .  tu*n  >  Uiruc.  lu.d,  In  Ulul'c 
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free  to  move  in  any  direction  on  tlie  point  of  the  stand¬ 
ard.  When  two  large  or  four  small  Bunsen  .cells  are  con¬ 
nected  with  the  gyroscope,  the  wheel  revolves  with  enor¬ 
mous  velocity,  and  upon  letting  the  magnet  go  (an  opera¬ 
tion  requiring  some  dexterity),  the  wheel  sustains  not  only 
itself,  but  also  the  magnet  and  other  parts  between  it 
and  the  point  of  the  standard,  in  opposition  to  gravity. 

Fio.  18. 


Eicctriciil  G3'r()scopc. 


The  wheel,  besides  rotating  rapidly  on  its  axis,  sets  up  a 
slow  I'otation  about  the  pointed  standard  in  the  dii'cction  in 
which  the  under  side  of  tlic  wheel  is  moving. 

By  attaching  the  aimi  and  counterbalance  sliown  in  the 
engi'aving,  so  as  to  exactly  balance  the  wheel  and  magnets 
on  tlie  pointed  standard,  the  whole  remains  stationary.  By 
overbalancing  the  wheel  and  magnets,  the  rotation  of  the  ap- 
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paratus  around  lliu  standanl  !•>  in  ■•u  n. 

in  the  direction  in  wliicli  1  In' lo| '> 't  I K' 

This  g30-o.scopi!  illusl rales  (In-  |"  «  a  i  n.  •,  ,,,  j . 

bod)'-  in  inaintainiiij^'  ils  [ilniie  «'l  «.<ra:--n.  .d..., 

the  result  of  the  coinlii'U'd  aelioii  "!  ?.».«  t.et.  ,  t.  udm,;  t>i 
produce  rotations  al)()ul  Iwo  sepal  .n>  ■  h-.n  ,  m  ji„- 

plane,  one  force  l)ein,r;'  pra\  il\ . 

The  rotation  of  tlie  wlieel  upon  in.  .s\:  ,  .  d  m  tid., 

instance  bj'  tlie  eleel ro-niapnel .  and  i  ;  r  o.l  j  ,,j  (|j,. 
wheel  to  fall,  or  rolale  in  a  \eilii.il  p;  mi  .d.  .nt  .4 
horizontal  axis  at  rip:ht  anp.les  (.>  lb-  So  f,  s-  -.liii  .  m  .1  n  r, 
elency  to  con(inuali_v  rotate  alunir  a  a.  ■->.  h.  »<  i  ■  .(ii.,; 
intermediate  liel.w'een  (lie  two.  The  <  •.uioui  d  .i.i.-oi.a:  .ji  1,, 
this  new  axis  implies  |•olaliMn  ol  tin-  uh-.,.  s.m  ,  ,1  idiii  .n.dh 
around  a  vertical  axis  whieli  is  1  idu*  el  of  ...ah  th.n  i!„- 
pointed  standai-fi. 


Kuccrrjirtavt-  (ivitoseiieK  l■■|!n  sn«iu  !■■...  : 

•rill-  1  \t,- 1  li, 

Althoun'U  tlie  apparent  displ.u  emmo 
vibration  of  the  pendulum  liml  htii;.  I,.  .  ji  i, 
until  the  year  1852  Unit  (he  fael  ua-.  1  .soj.!, 
nal  rotation  of  tlie  earth.  In  Srph  luh.  ! 
Foucault,  the  dislin/duished  l■'IeIleh  pft,. 
ball,  by  means  of  a  rmu  wire,  fiuin  tin- 
at  Paris,  and  for  the  lirsl  lime  in  ifo-  i,!  .!., 
made  visible  the  rotation  ol  the  (mh!!.  J  h 
foiincd,  aftci’  rccciviu;i[  an  iinptilsr,  \  ii<s  .ii' . 
and  preserved  its  jihme  of  vilmili-m  u  hiU-  t 


turned  under  it: 
repeated  at  the 


I  liis  splendid  rxpei  iim  uE  V,  ,1 
Caijjitol  at  U  ;i.s|iiin;r« HI.  .us>l  .n 


•  III  .uiil 


Soon  after  tiie  pendulum  t-xperiim  uf .  i 
trate  tlic  same  tliin;^,  coiislrurled  .i  j.  ^ 
modification  of  .Bolmenl)ei'|.'ei  \  m.,.  '{ f,.'-. 

received  a  rotatiiif,!-  imimlse  from  llir  ih,.  ,i.., 

and  the  mo.nenln,,,  „r  tl,e  disk  ,v.„  . . . 

. . . . . 
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i)rlliiijn'  piiwcr. 

Ill  lu  twliicli  n-i!iv-.riii->  llii-  nil.  iimr  .iii.un-nl  l.ir 
llu- puri.nsc  ir.uuctl)  ihr  irrt.uupti.n  n.iiur  w  lu.  1.  i  ..atains 
llu'  wlu-al  is  MiiiiHiitril  .1  lair  an.!  \  .  ii  li.a-1  •trrl  jiuinl. 
wliidi  irsls  uli.ia  aa  uuatr  Map  la  i!h-  l-n..a.  mI  ,,  s„ull 
iniii  aaii  a!  llic  rail  nt  fliraiia  Mipi-.a  i.  .!  !.\  \h>  •a.iu.laul, 

'I'lir  wheel  sliimllr  taur. -ai  .  ai.  talU  n.a.t.  .1.  .  i  iiuiais. 

Upoa  llie  spindle  air  pha  e.l  iu..  .  aui  ,  msh-  a!  .  .»>  li  eiul 
W'liieli  njienHe  the  t  aneat  la e.ikia,-,  •,fia<.; 

'riu' Inavi.alal  si.l.-- -•!  Ihe  -n.  i.? and  the 

verl  ieal  sa  les  ai  e  ii  I  ai,  !>•  the  I'lh*..!  a!*  .  .u*  ,ili.n  linl 

die  enres  nl  the  ele.  li..  aiaepa  *’■,  .m.l  ti-..  w  !.*  ■  I  r  .  {.(..uded 
willi  (\vn  araiataie-.  ■air  .ai  i  a.  h  'a  s*  « aa  a  .nr  .a 
ranged  at  liifhl  aaph's  i,.  e.a  I.  .a!.,.  i  la.  t«..  H..i,.»ets 

are  (t|!piisitrlv  ai  raaa.ed  in  tr-.pn  I  i.  •  .la  a  i ,  a .  s  •  ad.  i  the 

iuslnaaeal  aslalie. 

All  ilisid.llcil  ‘.hid  pmiei  t  .  !|..£r  »h'  eiiddl  Sla  hiUei 

end  a!  ilie  ll.aae  til  iri  rni-  .III  ridr  Ih  il  ■  t*  a  !  n.-.ii  i\  in 

dll’  [H'l'i[llieiy  III  diriil.al.il  I'.I*'  pr  •  •  -aoi  la. .nrl  .1 
a'l'lldiialed  seiaieili  al.ii  M.dr.  \a  ss-a!  i.-.nl  pt-.p.l'.  Iniia 

die  iii.snlaled  slad  iiiln  .1  III.  I.  HU  tap  si..  ..!.»•*  the 
base  l>ieee,  and  is  iu  etci  1 1  i>  ,d  •  ■  ‘ainina'ii  .ts  e  -.i.  a  h  ( i«r  pl.i 
liiaaii-pi lint rd  SI  1 1'W  s  I il  l hr  <  m  i  rat  ai  <Mii. >  s  .  i  !>■  >  m  i  rat 
hreakiuj^;' sjii  iat;s  ai  e  inauriir.i  niiii  tht  •>[  the 

iaaf(iu*l  wiles,  .aid  the  ai.ie.u.  !'•  >  t5s>  ,»>-  ■  ..nuaiaa 

calimi  with  die  w  herlMippititaie.  ii.iae 

One  111  die  hilntiap,  pnsi  %  e.  >  .»nua  t.  d  hi,  .i  «  u.  «  ilh  ihe 

iiiereiiry  in  the  e  iili,.tad  (he  ••th.-i  r-  i  Mim*  «  i*  d  tin* 

.slaiidard.  ih!i|t  nl  aH'nai\  a.  pin  « *1  m  th.  >  up  tli.it 
caiitaias  the  at,ptle  step.  In  t.ara  .m  .!•■,  tse.iS  .  •*siiiri  tiuii 
helween  die  ima  eap  .aid  tlse  p«»mtr<l  •...  I'-a,  t !.« ■  tasiia 
iiieiil  is  eovered  with  a  fd*'**'*  sli.idr  t.*  •  li.d«-  ..h  «  uuriit*., 
:iad  the  Imse  pieee  ispin^ided  wah  hwrhn,',  ■■■  f  a 

The  eiirreiit  lireaKei  is  i  nati  i  v  «■  <1  in  su.ik.  *  a  r.ik  tin* 

eanviil  at  die  prnpei  iastasit.  ih.it  ti.r  tul!  « Jl* »  l  *<1  the 
iiiaj^aets  is  risdi/ed,  and  uhea  tin-  luieliar  j<>r,t-,  .ur  .  mi" 


.  nj.  th.it 
mllri  tiua 
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necled  with  four  or  six  Muiisi’n  crlls,  llu-  wiu'cl  rnliilrs  at  a 
hii^'h  vi'lotnly. 

'I'lio  wlu-i'l  will  UKiinlaiu  its  [ilaiic.  ot  nilaliou,  ami  wluni 
it;  is  lii'diin'lil;  iulo  t.lu’  plain',  iif  the.  umridiau,  t.lm  iiidi'x  will 
ap[H'ai'  1(1  luovt!  Idwanl  the  |■i'^•ld.  of  a  jutsoii  laciiif;'  imrlli- 
ward  with  tin;  imh'.x  poinliiip,'  iioiHiward  in  Inuil.  «ii  him. 
'I'd  a  pi'i'Siai  in  Nnw  York,  thcn'l'di't',  llm  imU'x  .seems  to 
iwvw.  /o'lcoiu/  t//f  ras/.  'I'd  a  person  at.  the  luirlh  [idle,  where 


l''ii;.  ao. 


uorlh  is  up  and  easi  is  led,  the  liourlv  devialidii  is  i;;’ 
riiiii/h'irrd,  or  ■.■er.v/uvr-'v/,  .\l  (he  ('(jiialdr  there  is,  o!'  eourse, 

lid  devialidii. 

It  makes  lid  diifereiiee  whether  the  index  [idiiits  north¬ 
ward  or  Sdiilliward,  its  apparent  nidtidii  is  always  toward  the 
riiH'lit,  thus  alfordinjt;  visible  evidence  that  the.  earth  rotates. 

'I'lie  instrument  t liiis  deserihed  may  he  easily  iimdilied, 
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SO  as  to  illustrate  other  interesting  phenomena  of  rotary- 
motion. 

By  removing  the  index  and  point  from  the  insulated  stud 
at  the  lo-wer  part  of  the  frame  and  unscrewing  the  support¬ 
ing  piece  from  the  top  of  the  frame,  the  frame  may  be  sus¬ 
pended  in  a  horizontal  jjosition  upon  pointed  screws  in  a 
fork  which  is  supported  upon  a  vertical  pivot,  as  shown  in 
Fig.  20. 

The  pointed  screw  entering  the  insulated  stud  is  itself 
insulated,  and  communicates,  by  an  insulated  wire,  with 
mercury  contained  in  an  annular  vulcanite  cup  on  the  fork¬ 
supporting  pivot.  One  of  the  binding  posts  is  connected 
with  the  pivot  of  the  fork  and  the  other  communicates  with 
the  mercury  in  the  vulcanite  cup. 

When  the  instrument  is  connected  with  a  battery,  the 
wheel  revolves  rapidly,  and  if  undisturbed  will  remain,  in 
the  position  in  which  it  was  started.  Tf  a  small  weight, 
such  as  a  key,  be  hung  upon  one  of  the  pivot  screws  of  the 
wheel  spindle,  the  frame  containing  the  wheel  docs  not  turn 
cjuickly  on  its  pivots,  as  might  be  cxjjccted,  or  as  it  woidd 
if  the  wheel  were  not  revolving,  but  the  entire  apparatus 
immediately  begins  to  revolve  slowly  on  the  vertical  pivot, 
while  the  weighted  side  of  the  frame  descends  almost  im¬ 
perceptibly.  Transfer  the  weiglit  to  the  opposite  pivot,  and 
while  the  wheel  still  revolves  in  the  same  direction,  the  ap¬ 
paratus  will  turn  on  the  vertical  pivot  in  the  opposite 
direction. 

By  removing  the  weight  from  the  pivot  screw  and  turn¬ 
ing  the  apparatus  on  the  vertical  pivot,  the  converse  of  Avhat 
has  just  been  described  will  result ;  that  is,  the  wheel  besides 
revolving  on  its  OAvn  axis  Avill  turn  in  a  plane  at  right  angles 
to  its  plane  of  rotation. 

If  the  apparatus  be  turned  on  the  vertical  pivot  in  the 
opposite  direction,  the  rotation  of  the  wheel  on  its  ncAv  axis 
will  be  reversed,  and  by  oscillating  the  apparatus  on  the 
vertical  pivot  the  Avheel  and  frame  Avill  revolve  rapidly  on 
the  pointed  screws  that  support  the  frame. 

The  law  controlling  these  movements  is  as  follows  ; 
“  Where  a  body  is  acted  upon  by  two  systems  of  forces, 
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tciuliiig'  t.o  prochu.'c  rotaiious  about;  t.wo  separate  axes  lyiii;;' 
in  tlie  same  plane,  the  I'esultant  motion  wnll  be  rotation  about 
a  new  axis  situated  in  the  same  plane  between  the  directions 
of  the  other  two.” 

By  means  of  this  continuously  oi)erating  gyroscope  Dr. 
Magnus’  experiments  showing  st)ine  of  the  causes  of  devia¬ 
tion  of  i)rojcetiIes  may  he  exhibited. 
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In  Fig.  21  a  gyroscope  Is  shown  which  is  suspended  witii 
the  axis  of  the  wheel-supporting  frame,  C,  at  riglit  angles 

I'’ui.  Si. 
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to  the  plane  of  the  eipuilor  and  parallel  witli  the  [)olar.axi.s 
of  the  earth.  'I'he  fnime,  C,  is  suspended  by  silk  thrcad.s 
from  .sliid.s  that  project  from  the  beam,  A,  'Fwo  vulcanite 
mcrcairy  cnp.s  are  supiiorted  by  the  beam,  IJ,  in  po.sition  to 
make  an  electrical  coimectioii  with  the  disks  on  the  axes  of 
the  frame,  C,  'riuvsc  eups  are  connected  by  a  spirally  coiled 
wire  with  the  binding  posts  that  receive  the  battery  wires. 
The,  beams,  A,  B,  are  connected  by  rods,  .so  that  when  it  i.s 
desired  to  adjust  the  imstrurnent,  the  ])arts  will  maintain 
their  [>ro[>er  relation. 
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Upon  one  of  the  :ix-es  of  the  frame,  C,  there  is  an  index 
that  moves  in  front  of  the  scale  of  degrees.  Upon  tlie  othci 
axis  there  is  a  small  mirror,  D,  for  receiving  a  beam  ol  light 
and  projecting  it  on  a  screen.  By  this  arrangement  a  very 
long  index  is  secured  without  additional  weight. 

The  instrument  as  represented  in  the  engraving  is  ad¬ 
justed  lor  the  equator.  In  New  \  ork  the  axis  of  the 
wheel-supporting  frame  would  have  to  be  adjusted  at  an 
angle  ol  40=”  41'  with  the  horizon. 

^The  instrument  shown  in  the  engraving  should,  when 
the  axis  of  the  frame,  C,  is  adjusted  equatorially,  indicate 
15°  motion  per  hour  in  any  latitude. 

The  arrangement  of  the  wheel,  the  commutator,  and  con¬ 
nections  is  substantially  the  same  in  this  in.strumeut  as  in 
the  one  previously  described. 

BURSTING  OF  FLY-WHEELS  BY  GYROSCOPIC  ACTION. 

The  theory  of  the  bursting  of  Hy-whccls,  which  has  been 
accepted  in  the  majority  of  cases,  is  that  the  centrifugal 
force  due  to  a  high  velocity  overcomes  the  cohesion  of 
the  particles  of  the  material  of  which  the  wheel  is  com¬ 
posed. 

Of  course  this  explanation  is  entirely  inadequate  wdicn 
applied  to  a  wheel  whose  strength  is  sufficient  to  resist  any 
tendency  to  fly  to  pieces  from  purely  centrifugal  lorce 
under  the  conditions  of  its  use ;  but  of  the  fact  that  siccli 
wheels  burst  no  evidence  is  needed,  and  some  cause  other 
than  centrifugal  force  must  be  assigned  for  the  l)urstiug. 

Supposing  the  fly-wheel  to  be  perfectly  balanced  and 
without  defects  in  material  or  design,  it  may  be  driven  with¬ 
out  danger  at  any  velocity  usually  considered  within  the 
limit  of  safety,  so  long  as  it  continues  to  rotate  in  a  plane 
at  right  angles  to  its  geometrical  axis.  And  it  may  be 
moved  in  the  plane  of  its  rotation  or  at  right  angles  to  it, 
that  is,  in  the  direction  of  the  length  of  the  shaft,  without 
creating  any  more  internal  disturbance  than  would  result, 
from  moving  it  in  the  same  way  while  at  rest.  But  when  a 
force  tending  to  produce  rotation  at  right  angles  to  the 
plane  of  the  wheel's  rotation  is  applied,  the  effect  will  be 
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vastly  (lillrrcut,  anil  tlif  irsult  will  Iw  a  tnnlrui  v  tn  miati- 
alioiil.  a  new  axis  lint  wnm  llin  utlua  t  u  i  •.  aiii  I  I  In-  i  t  ill  i  itiii-al 
sli-aiii  iiiiiin  Ihf  wiin'l  is  suiiiilnuiciitnl  liv  a  luisiiii*;  stiaiii, 
whirh  is  an  uunorlaut  hut  kt'iuu'ially  lumnlircil  lai  Im  in  the 
(kxstructivu  aut  ion. 

'I'n  bi'iu^'  this  iilna  to  a  prartiral  ajiplii  atum.  tin*  sliaU 
and  lly-whnnl  ol  a  hifj;li"S|ifc(l  cu^inr  uia\  In-  (.iki-ii  as  an 
oxainjiU'.  la’l  l.hu  wlu'i'l  In' l  orifi  tlv  linsiy,!) -d.  urll  ni.idr, 
and  well  balanced,  and  if  its  .shall  is  |iniiirilv  liiu-d  .uid  siip. 
ported  in  rif>id  jounial  lioxes,  the  wheel  will  peiluiniits 
ollice  withoul  dauf^'cr  ot  liiiislinjk;  hut  suppnii  ihe  same 
wheel  and  .shall  upon  weak  plinnnier  lilm  ks,  .uid  .dlow  one 
or  both  ol  its  journals  lomove,  iatei.dh  at  evriv  stjuke  nl 
Ihe  eugiiie,  or  even  less  treqnentiv.  and  ,i  disint  binr,  rienicnl 
will  have  been  introtlured  which  will  sliaiii  the  uln  c-l  later 
ally,  and  which,  to^ml  her  with  centi  ilnt,',.d  bine,  will  s-lffi  t 
molecular  chaiif^es  in  the  slniitinc  nt  the  iioii.  .nid  the 
result,  will  be  that  if  the  wheel  is  not  iunnrdi.ifelv  bioken  it 
linally  becomes  weakened,  .so  that  it  will  yield  to  the  tones 
that,  lend  to  destroy  it. 

Any  wheel  whose  axis  is  swuuj.f  iti  a  plane  at  ri).'Ut  .mkh  s 
to  its  plane  of  rotation,  either  ot  casionally  .ind  nirn.uhuU 
or  frequently  and  regularly,  teiuis  to  tmn  l.itn.dlv  on  .nt 
axis  between  that  ol  the  normal  lot.itioii  and  fli.tf  ol  tin- 
extraneous  disturbing  force.  This  tendem  v  exists  in  otdi 
nary  wheels,  although  not  visible  The  em*i.i\iiig  show,  ,i 
Ilexible  wheel,  which  clearly  exhibits  the  i  lln  ts  o!  these 
disturbing  force.s,  'I'lie  rim  is  of  tniibei,  the  spokes  of 
spring  wire,  and  when  tile  wheel  is  revolved  xetv  i.qudU 
and  moved  in  a  plane  parallel  with  its  [ilane  of  mt.itioii.  ii>» 
tlistnrhaiiee  results,  and  no  elfert  ts  ptodmed  to,  moMiij.- 
it  at  right  angles  to  its  plane  ol  tot.ition.  luit  wlieii  tin 
wheel  is  turned  even  slightly  on  an  axis  at  tight  angh  %  to 
its  geometrical  axis  hy  swinging  the  sh.dt  lalrtalh,  the  um, 
while  preserving  its  I'ifenlai' ioriii,  im  hues  to  tin-  pi, me  ol 
the  rotation  of  its  shaft,  hending  the  spokes  mio  a  com  .ue 
form  on  one  side  of  the  huh  and  convex  on  the  oIIh  i,  show 
ing  the  effeets  of  the  disturbing  loiie  on  the  ligiue  ot  the 
wheel,  as  in  Fig, 
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Whcni  Uic  disturbing-  force  is  rh_ytln'nical,  lateral  vibra¬ 
tions  and  wave;  motions  are  sc^t  nj)  in  the;  rim,  \vhit;h  are 
out  of  all  i)ro[)ortion  to  tbe  e;strane.ons  forc:e  appliisl. 

From  (bis  c;xia;rinienl.  it  is  evi(U;nt  that  tlu;  biteral  swinj^-- 
in^-  of  the  sbafl,  of  a.  lly-wlu;el  (for  instance  \rlu;u  its  journal 
boxes  are  loose,  or  ^vlitm  llu;  frame  of  the  maeliinc;  of  wbieli 
the  lly-wlieel  forms  a  part  is  yieldin';-)  tends  to  weakt  ii  tin; 
wheel  even  when  tin;  bUt-ral  movement  isslif^'lit;  and  wliei'e; 
it  is  f;-reat,  as  when  (In;  shaft  is  broken,  tbe  twistinti'  effei;t  is 
eorrespoiuHnj;ly  g-reat,  and  the  wheel  oi-  its  sujiport  must 
yield. 

No  rohdinti'  ma(;hines  are  more  .subject  to  bursfiiif;-  than 
|>'riiulstones,  and  j;-eneraUv  no  rolutinj;- iKnlies  of  eepial  we;i{j;-ht 
are  mounted  njion  siu;h  small  shafts  or  on  such  W(;ak  sup¬ 
ports.  Tin;  .snspe.iuled  on(;s  are  especially  liable  l.o  tin; 
destructive  action  above  described,  as  theii'  frames  arc 
{generally  far  loo  weak. 

Fifjj.  2/1.  illnstratc's  the  eff{;et  of  a  lateral  blow  f)n  the  rim 
of  a  lly-wlieel.  Of  conr.se  the  effect  is  much  exaf^-gerated  in 
tlu;  llcxil)le.  wheel,  but  it  shows  the  form  taken  by  the  rim 
under  a.  blow,  the  blow  i)rocUicinj;-  a  much  {greater  e.ffect  ou 
the  wheel  while  in  motion  than  when  at  rest. 
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I'Al.lJNd  liilllll'.S  IS('I.IM:I‘  I'l  111!’  rl  Mil'll  'I. 

“  Ill  !i  vaciiiuii  all  bin  lies  tall  \\  illi  ('<|U.il  i  .ij'iilil  v  I  lli^ 

is  Iho  I'lrsl  law  Ilf  lailiiii^'  i'ln-  uril  ku.iuu  -uiuim 

aiul  fcallirr  cxjK'riiiuail  is  a  ilt'uinir4ia(ii'ii  >>1  ilii*.l.n\.  1  tu- 
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heavy  litidy  and  tlie  lif;iit  mif  lu-in^  iiHi|*jird  sumili.t 
ncnusly  ill  a  lulit'  df])rivcd  nl  air,  tcai  li  llic  Ititiftiiii  al  llir 
•sanu'.  inslaiil. 

'I’lie  (•(  iiivci'.sv  III  lliis  espfi  iiiiriil  is  illiisl  i  .itrd  in  hu:.  .'v 
111  this  ease  the  relardat inn  caused  li\  ilie  ir-asMinc  ul  ihe 
air  is  clearly  slinwii.  .\  Iniiirli  nt  vei  v  hinse  i  kIImu  wn.tl  e. 
aUaelied  to  a  .small  iiieee,  .\,  nl  lin  Inil.  .lud  the  i  mHuh  llni' 
ai'raiif^'cd  i.s  drn|)|ied  .siiimllaiienuslv  willi  llir  Ir.id  Indirf,  H. 
As  AvniiUl  he  expeeu-d,  the  Iniiiel  ie,n!n-s  the  niniuid  m 
abniil.  half  the  lime  |•etplired  Inr  the  di-si  nil  nt  liie  i  nil. in. 
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By  nilling  llic  coll'.on  into  ;i  c(inip;u:l  hall  and  iiu-hisiiit;- 
it  ill  llio  l.infdil,  iJie  Kurfaci'  cN'[)t).sc;(l  In  the  air  will  lit'  icry 
much  iliminiKhctl,  and  when  the  exiie.rhuenl  is  reiiealed 
wil.h  the  Cditon  thus  (.liminiKhed  in  hnllc,  it  is  rmnid  that  the 
t'.wd  bodies  fall  with  nearly  e(|ual  rapidity. 

'Idle  wat.cr  hainuu'r  sliown  in  hdf^'.  ah  demonstrates  that 
in  a  vacuum  liipiids  fall  lilce  solids,  without  hein,^’  broken  nji 
or  divided.  'Idie  water  hamiuer  consists  of  a  p,'lass  lube 
half  Idled  with  water,  which  i.s  boiled  to  cx[iel  the  air, 
the  lube  being'  aflei'ward  sealed. 

When  the  lube  i.s  inverted,  the 
walm'  falls  in  a.  body,  striking 
the  op[)o.sile  end  of  the  lube, 
producing  a  sharji  clink. 

swir'i'icsT  incscivN'i'  .M'I'/IK.a'I'us. 

'Idle  descent  of  a.  falling  body 
along  an  inclined  plane  is  gov- 
erned  by  the  .same  law  that  con- 
li'ols  the  fall  of  fi'ee,  niiinpieded 
bodies,  <■.,  “  the  spaces  li'avei'.sed 
are  pi'oporlional  to  the  s([uares  of 
the  limes  of  descent.”  'Idle  law 
does  not,  ajijil^f  to  the  desceul  of 
a  body  along  any  lairved  iialh. 

A  body  descending  a  concave 
path  will  be  accelerated  uiosl:  at 
the  beginning  of  its  fall.  A 
body  descending  a  convex  path 
will  start  slowly,  and  will  be  in¬ 
creasingly  accelerated  as  it  approaches  the  end  of  its  travel. 

'Idiree  cases  are  hei'e  iionsidered  ;  Idrsl,  that  of  a  body 
rolling  down  an  inclined  jdane;  .second,  that  of  a  body  de¬ 
scending  a  concave  circular  curve  ;  and  ihii'd,  that  of  a  body 
(.lesceuding  a  cycloidal  curve.  In  the  ease  of  the  inclined 
plane,  if  the  body  falls  two  feel  in  one'  second,  it  will  hdl 
eight,  feet;  in  two  seeanuls,  eighteen  feel,  in  three  seeamds, 
anil  .so  on.  In  the  t:ase,  of  the  concave  ta'i'cnlar  curve,  the 
fall  of  the  body  will  be.  aeiadcraled  rapidly  at  the  sl.'irl,  and 
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has  been  called  the  isoclironal  curve.  v\.  body  will  roll 
clown  this  curve  from  any  point  in  its  length  to  the  point  of 
stopping  in  exactl}'  the  same  time,  no  matter  \vhcre  it  is 
started.  For  example,  if  it  rccpiircs  a  secc^nd  of  time  for  a 
ball  to  I'oll  from  the  upper  to  the  lower  end  of  the  curve,  it 
will  also  take  one  second  for  a  ball  to  roll  from  the  center 
of  the  curve  to  its  lower  end. 

Apparatus  for  illustrating  these  principles  is  shown  in 
Fig.  27.  It  does  not  differ  much  from  the  ordinary  appara¬ 
tus  used  for  the  same  purpose.  It  is,  however,  made  en¬ 
tirely  of  wire,  and  is  arranged  to  fold,  so  that  it  occupies 
little  space  when  not  in  use.  The  rails  of  the  tracks  are 
formed  of  one-eighth  inch  brass  wire.  These  rails  are  con¬ 
nected  by  curved  cross  pieces  having  ends  bent  at  right 
angles  and  sVildered  to  the  under  surface  of  the  rails.  The 
lower  ends  of  the  rails  are  connected  by  angled  wires  with 
a  cross  bar.  A,  which  is  bent  forward,  then  upward,  to 
receive  the  board,  B,  forming  the  stop  for  the  balls.  The 
upper  ends  of  the  rails  are  connected  by  angled  wires  with 
a  cross  bar,  C,  which  receives  the  loops  of  the  wire  leg,  D. 
To  the  leg  is  jointed  a  brace  which  hooks  over  one  of  the 
•cross  pieces  of  the  middle  track. 

To  the  upper  cross  bar  are  soldered  wire  eyes,  support¬ 
ing  a  wire  bent  so  as  to  fonn  three  cranks  for  holding 
the  balls,  and  releasing  them  all  together.  The  rods  of 
which  the  tracks  are  formed  are  about  three  feet  long.  The 
■cycloid  track  is  made  first,  the  others  being  cut  off  to  match. 
A  method  of  laying  out  the  cycloid  curve  is  shown  in  Fig. 
28.  At  the  end  t;f  the  base  line,  A  D,  draw  tlic  line,  C  D, 
perpendicular  to  A  D.  Describe  a  generating  semicircle 
(in  this  case  of  nine  inch  radius)  tangent  to  A  D,  at  D. 
Through  its  center  draw  the  line,  E  C,  parallel  to  the  base 
line.  Divide  the  semicircle  into  any  number  of  equal  parts 
— six  for  example — and  lay  off  on  A  D  and  E  C  distances 
equal  to  the  radius  C  D  x  S'lqid,  and  divide  A  D  and  E  C 
into  six  equal  pai'ts,  C  T,  i',  2',  etc.,  equal  to  the  divi¬ 
sions  of  the  semicircle  ;  draw  chords,  D  i',  D  2',  etc. 
From  points  F,  2',  3',  etc.,  on  the  line,  C  E,  with  radii 
■equal  to  that  of  the  generating  semicircle,  describe  arcs. 
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line,  t '  .iinl  w  nil  l.ulii 

.  il  I.  1'  I'  1.  Il  I.  I' 


From  points  i',  2',  3',  4  •  5  >  **' 

equal  successively  ,„„1  ll.c  ■ui.u-.,  , 

describe  arcs  cuttuij;-  he  j  ,,  . . . 

Will  be  the  points  ol  iIk  ,  ,1  1  1,  1 

,  ^  ■  I  I,,  I  I  hr  w  n  «•*.  Iiti  l  hr  I  \  I  >uh  1 .11  k 

points  the  curve  IS  clnuvn,  .111(1  III  n  .  1  1 

‘  .  e  r  fillin'^  itlivr.  I  hr  U  .11  k.  u  lirii 

arc  bent  SO  ;vs  tocoiifoini  to  tm  ,  ,  1  ,  ,  , 

1,1  .  .1,,;.,  (hr  .^aiitr  tci.ilmu  hi  a  hi>u.-nui.ti 

completed,  must  suslaiii  (IH  s.m  ,  ,1  »  1 

line  as  the  curve  in  the  dia,iAi suM.m.s  h.  Ih,  lu-.r  l,„r. 

^  Another  method  oC  descril.iuK  ■“"*■•••!  ■'  I'''"  ‘i 

in  the  cd-e  of  a  disk  and  roll  Hm  dek  .m  0  In.  l  -.ui.i.r 

withoutslippinR3witha  pencil  in  e.iul.n  t  will.  ..  ..u...oli,  l..u-d 


lOi; 


i 
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or  a  piece  of  paper,  the  curve  heiiu*  '.l.utnl  ivdh  ihr  prtn  1! 
at  the  lowest  point  or  in  eonlael  w  ilh  I  hr  Iwm*  iuir. 

A  ball  is  supported  at  tlie  n[)iuM  rnd  ol  r.u  !i  ii.ii  k  i»\  tin 
cranked  wire,  and  when  the  livrer  li.ul*.  .ur  lilu  i.tlrd  Minti! 
tancously  by  cpiickly  turuinp;’  up  thr  t  t.itikrd  uiir.  il  nil!  hr 
found  that  the  ball  on  the  (.lyidoid  i  r;u  hr*,  thr  pmui  nl  -.top 
pingfirst,  the  ball  on  the  circular  nu  ve  i  oiniiij.;  iir\t.  llir  h.ill 
on  the  inclined  plane  licing  slowest  «it  .d! 

If  two  cycloidal  tracks  be  plai*ril  side  bv  snir,  ii  udl  !«• 
found  by  trial  tliat  a  ball  started  (lum  thr  innhllr  m  .it  .iii\ 
point  between  the  cuds  of  one  of  thr  ii.u  ks  will  ir.nli  tin 
point  of  stopping  no  sooner  than  t!u-  h.ill  sl.iili  d  .it  ilu  u.p 
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of  the  Other  track.  In  fact,  if  the  tracks  are  accurately 
made,  both  bails,  if  started  simultaneously,  will  reach  the 
bottom  at  the  same  time. 

DROPPED  AND  PROJECTED  BALLS. 

Although  there  is  no  shorter  or  quicker  route  for  the  de. 
scent  of  a  falling  body  than  that  of  a  plumb  line,  it  has  been 
shown  that  a  body  projected  horizontally  with  whatever 
force,  and  describing  a  long  trajectory,  will  reach  the  earth 
in  exactly  the  same  time  as  another  similar  bod}^  simply  drop¬ 
ped  from  the  same  height.  There  are  many  simple  and  in¬ 
genious  devices  for  demonstrating  this  fact.  If  the  experi¬ 
ment  could  be  brought  within  convenient  compass  for  ob¬ 
servation,  nothing  would  be  better  for  the  purpose  than  an 
ordinary  gun,  witli  powder  as  tlie  propelling  power,  but  this 
is  of  course  out  of  the  question.  It  is  therefore  necessary 
to  resort  to  apparatus  which  may  be  used  in  an  ordinary 
room,  so  that  both  pi'ojected  and  falling'  ball  may  be  seen 
and  heard.  The  apparatus  is  still  a  gun,  but  a  very  harm¬ 
less  and  inexpensive  one.  It  is  a  modified  “  Quaker  gun,”  , 
a  Avell  known  toy  used  for  shooting  marbles. 

Fig.  29  is  a  perspective  view  of  the  gun,  showing  it  im¬ 
mediately  after  its  discharge,  and  Fig.  30  is  a  longitudinal 
section  showing  the  gun  ready  to  be  dischai'ged.  The  gun 
consists  of  a  wooden  barrel  chambered  at  the  muzzle  to  re¬ 
ceive  the  marble  and  provided  with  a  rod  attached  to  the 
breech  piece,  extending  into  the  barrel  and  arranged  to  be 
propelled  forward  by  a  strong  elastic  rubber  cord  stretched 
over  the  breech  piece,  with  its  ends  nailed  to  the  sides  of  the 
gun  barrel. 

Two  changes  only  are  required  to  adapt  the  gun  to  scien¬ 
tific  use.  First,  the  notching  of  the  rod  passing  through- 
the  barrel  and  the  application  of  the  trigger,  D,  for  engag¬ 
ing  the  notches,  and  second,  the  support  for  the  falling  ball 
at  the  muzzle  of  the  gun.  The  trigger,  D,  is  merely  a  strip 
of  sheet  metal  pivoted  to  the  end  of  the  barrel  by  an  ordi¬ 
nary  screw.  In  the  muzzle  of  the  gun  at  the  under  side  is 
formed  a  slot.  A,  and  in  the  end  of  the  gun  on  opposite 
sides  of  the  slot  are  inserted  eyes,  B.  In  these  eyes  is  jour- 
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nail’d  a  wii’c  snii]iiu  l,  t u  liiili  i  In-  hall  1m  In-  i!m  i|i|iii|, 

at  DUi' side'  III  I  III’ uni//li’  and  lUil  "I  llin  paili  m1  (In-  |iiii 
ji’cli’il  hall,  ’rill’  will’  Mipiii  II 1,  ( liiiiii’'  .1  lr\ci,  iinrcnd  n! 
which  jiniji’cls  inln  .slnl  in  flic  hai  id  .iml  i-.  hrld  li\  Ihr  h.ill 
in  llu’ ninz/lc.  When  ihc  md  in  the  haiici  i-.  lihciafcd  hv 
imlliiij.;’ Ilu’  I  rif.Cii4’i’r.  I ),  llii’  hall  in  Ihc  mn//lc  i'>  iiinici  led, 
tlu’rehy  ri’lca.sinc'  the  wire  sniipin  I,  \diich  imnu  diafeh  (mns 
and  alliiw.s  llu’ nllier  hall  In  dinp.  If  uill  he  nut ii  <  d  I lial 
both  hfill.s  reach  (lie  llimr  at  e\acll\  the  ‘..une  finie,  uiihunt 
rcjjfard  lo  (he  amniinl  nl  hnee  a(iplieil  in  ihe  [iiniecfed  hall. 
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Ihc  hillin};  htdl  is  impelled  h\  llie  hit’ce  iit  1,'tavitv 
only.  Ihc  prtijci’led  hall  is  aeled  itpon  hv  1  u m  indepeiident 

. lltc  loi’ce  111'  fjiavilv.  which  diaus  it  (.w\.nd  the 

earth,  iind  Ihe  [irojeclin^j;  hnee,  which  lends  in  inme  il  in 
;i  horizonliil  line,  'riie  (imiectiim-  hnee  is  tnnteineil  uidv 
in  carryiiij^' ( he  hall  liori/niilallv  hn  wai li,  and  dues  nut  in 
any  way  iiilerferi’  wilh  the  acliun  id  }ii <ivi( \ .  hut  r.iavilv 
hriiij^.s  (he  ball  d‘’adually  nearer  the  earth,  until  it  tuiallv 
.sliilvcs,  Ihc  f^uu  in  (hi.s  escpcrimenl  shinild,  id  luuise.  hr 
lircd  over  a  level  plane. 


^■A1.I,1N(^  BODIES— INCLINKI)  I’l.ANE — I'llK  I'ENDUI.UM.  .j,5. 


THE  BENDUl.UM. 

yV  siniiile  iicncluluni,  \\'liic;li  is  ;l  |uiivly  ( licorcl i(\'il  Ihiii^-. 
is  (Idinccl  as  a  lieavy  [larliclc  suspciulcHi  by  a  llirc'ad  haviiiiy 
no  wcig'hi.  'I'ho  iioarosl.  ])ossililc  ajiproacli  lo  a  siniplt'  iion- 
clulinn  is  a  lioav}'  laxly  susiunulcd  by  a  slcauloi-  llu’c'ail,  as 
sliowii  at:  A  in  Fi^j.  ^i,  and  a!l!u)ii}j;'li  (Ids  is  known  as  aooni- 
[)onncl  or  physical  pcnduliiin,  its  action  corresponds  vci'y 
nearly  \\n(:h  that:  of  the  siinph'  pcndnlvnn.  In  the  present 


;ll. 


case  (he  jiundnlnni  consists  of  a  heavy  bullet'  or  lead  ball 
susj)cnded  by  a  line  silk  (bread,  'bids  [leiululuni,  to  beat 
seconds  in  (he  latiUule  of  New  York,  nnist  be  .y/ioi2  inches 
long.  'I'hat  is  the  distance,  bet  ween  (he  point  of  suspension 
and  the  centerof  oscillation  of  (he  weight.  'I’lds  length  varies 
in  different  phu:cs ;  r.  y.,  at.  I  laniinerfest,  in  Norway,  it  is 
39‘ty4H,  and  at  .St.  Thonias,  one  of  (he  West  India  isiuntis, 
3yo207. 

A  seconds  pendulum  is  one  (hat  reipdres  one  .second  for 
a  single  swing,  or  (wo  seconds  for  a  eoinpleie  (o-anchfro- 
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fxcursimi.  'I'lif  dislaiifc  llu>ni;'l'  "lnili  flu- 
wi'in'lil  (nivfls  ill  tiiir  ^'\viun  i*-  llif  .iiiiplil  n-lc  i>l  tin-  [ii'inln. 
luni.  OuliU'u’s  ilisruvci  \  >‘1  tlicl.av  ■.!  flu- (irinlulmu  in  mK.>. 
is  ;i  nuillcr  ol  (’(11111111111  kucii  Icili'.c.  1  Ic  ■ilc.i-i  \  cd  ilu-  tf>;ii. 
larily  of  liic  swin.nitif;'  "I  •'  '-""I’  ‘•<|••l"•<|•l(•(i  li.-m  lIu-  m.il 

III  the  t  .It  hci  1 1  .il  <  >1  1  ‘i'.a.  and 
nut  it  Cl  I  t  lull .  vv  hct  c  V  cl  i  lu’  ai  c 
( it  \  ilii  .(1  (•  Ml,  1  ill'  t  iiiic  1 1!  V  tin ,i 
t  lull  1  (’III. lined  I  lie  •..line,  1  Ic 
,d’'.ii  dctci  niiiied  tlic  l.iw  ul  die 
Icuj.dli''  "t  I'l  ndidiuus  In  c\- 
jic!  iiiieiit.  1  Ic  liMiiid  dull,  as 

die  leiij;di  "i  till’  I'i’iididiiiii 

iiKie.ised,  die  time  ul  vilii.i, 
liiMi  ill!  leased.  Hill  tit  niin«ii 
liiiii  III  die  le  iiidli.  IhiI  ill  |irii 

|ii M  I i>  Ml  III  it  s  sqii.ii  e  1 1 II i| , 

I**iM  es.iiii|ile.  uliile  ill  New 
Ymk  il  iei[uiH-.  a  iieiiduliiiii 
JU  liiia  IIli  lies  ittilj;  In  Ite.tl 
set  nlllis,  die  leiir.di  liM  Mui 
seciMids  niMild  iie  t  in. 

d'lie  leiu'di  "i  •»  I'cildidiuii  (nr 
am  Il’ijliiled  time  is  liMilld  iiv 
miillildr  iiit;  die  letn.;di  >'1  a 
sei'iMids  [triidiilinu  111  iin  lies 
In  du-  Mill. lie  ni  dll-  lime  the 
jieiidiiliim  is  tn  lue.isiue  111 
die  .dune  es.uitjilr,  in'lnia 
iiielirs  is  die  leiu;fli  “I  die 
seemids  jumduhiin.  I  witsee 
(iiids  is  die  lime  fn  lie  me. is 
llt  eil,  .[  Tiiet  elni  e 

ti)’liit.‘  -  .(  t  Hn'.in.i.H.  die 

liMijfdi  (if  die  ( wii  sei'niids  |i(niihdmiu  ll  is  Imunl  tii.il.  ban  iiij; 
die  rosi.slaiux' Ilf  die  air,  all  iii.ilei  i.ds  .at  .dike  when  used 
fur  die  u'eifjlil  nl  a  l>eiidiiimii.  I'liis  is  mie  [itnuf  nf  the 
miifoi'iiiity  nf  llie  aelinii  nf  jy;ravilatiiiit  mi  all  substam  es. 

In  Fi^.  jt,  at  B,  is  slunvii  a  emiie.U  jieiuliiluiii.  Il  ditfrrs 
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Fig.  33. 


from  the  pendulum  A  only  in  the  manner  in  which  it  is 
used;  whereas  the  pendulum  A  is  made  to  swing  to  and  fro 
in  a  vei'tical  plane,  the  pendulum  B  is  started  in  a  circle, 
as  indicated  by  the  dotted  line.  It  is  found  by  comparison 
that  the  pendulum  B  completes  its  circular  travel  in  the 
same  time  that  pendulum 
A  requires  to  complete  one 
to  and-fro  vibration.  The 
conical  pendulum  derives 
its  name  from  the  figure  it 
cuts  in  the  air. 

The  pendulum  has  been 
used  to  determine  the  figure 
of  the  earth,  also  to  show 
the  earth’s  rotation.  Fou¬ 
cault’s  celebrated  experi¬ 
ment  at  the  Pantheon  at 
Paris  consisted  in  vibrating 
a  pendulum  having  a  period 
of  several  seconds  over  the 
face  of  a  horizontal  scale. 

While  the  pendulum  pre¬ 
served  the  plane  of  its  oscil¬ 
lation,  the  scale  indicated  a 
slow  rotation.  This  experi¬ 
ment  ma}'  be  repeated  easily 
on  a  small  scale  in  the  man¬ 
ner  illustrated  in  Fig.  32. 

The  ball,  which  must  be 
a  heav}^  one,  is  suspend¬ 
ed  by  a  very  fine  wire  of 
considerable  length,  say 
from  forty  to  fifty  feet.  It 
must  be  started  very  care¬ 
fully  to  secure  the  desired  result.  To  start  it,  a  fine  wii'e  is 
tied  around  the  equator  of  the  ball.  To  this  wire  is  attached 
a  stout  thread,  by  means  of  which  the  ball  is  drawn  one  side 
and  held  there  until  the  pendulum  is  perfectly  quiescent. 
The  pendulum  is  then  released  by  burning  the  thread. 


;  '  bsi.  AMdl.y.' 

Pendulum  with  Audible  Beats. 
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In  tlic  cMiiir'Kc  111'  :i  leu  miiiuit"'  llun-  will  .iiiitcar  in  hi' 
a  slif^hl  chaiiji'c  (il  its  (il  \  ilu al inn,  I'lic  rase  is  like 

that  Ilf  llie  ^'vroseniie  alieatly  ilesei  ihed.  1  iie  jilane  ol 
vibration  remains  reall)  ennsianl,  Inil  the  inlatinii  nl  ihe 
,,  earlli  eauses  an  ainiarenl  luisline 

I  1  111 

<il  llie  inane.  II  llie  e\|ieinnenl  he 
,  ”  liertormcnl  in  Ihe  rniled  .Stales. 

Kji  and  the  |tlain'  i>t  vihialimi  lie  nmih 

Sv  and  siiiilh  .il  lil'st,  the  nniiliern 

iiinil  will  soon  swiint  tnu.ird  the 
‘r  rifji'hl,  as  vieu'cil  lunii  the  smilii. 

.\.  pendnluiu  e.iu.dile  ni  itindnr 
'  ing'  andihle  lieals  isnKi-n  ilrsii.dile. 

1;  ,  ImH".  yt  sliiiw  s  a  siinide,  u  I  11  knnu  n 

arraniieinenl  lor  |iiiiilin  iiu;  .uidihle 
heals  !i\  llie  ,iid  nt  ,1  leh-i*ia]ih 
stnnuler.  The  h.dl,  in  this  e.isr,  is 
snspended  li\  a  line  v\iie.  I'he 
:s  underside  icl  the  hall  is  |ittivl(|ed 

u  ith  .1  iilaliiuim  )Miiiil.  .\nieirui\ 

!i;'liihiile  is  hehl  In  .in  iinii  i  iip  in 
''  (he  [lalh  of  the  jil.iliniuu  |i"inl.  .uni 

the  jienduhuu.  uieieiu  \ .  .ind  snmui 
j  ttr  are  in  the  iialteiv  liieuil.  H\ 

I'^lf  tiiis  arr.in|.;t’nienl  an  rlrriiii.d  rcni 

|t  I,  tael  is  inatie  hn  e.n  li  suin!,f  ot  the 

■t  4  (lendulinu.  and  tiiesimndci  is  made 

1  to  eliek  e.u  h  lime  ihr  (iiiiiit  is 

®  closed. 

Hv  means  ot  K.ilej's  leversihle 
' p,v'.  pendulum,  I  he  ieiii^th  ot  ,»  simpie 

r  pendulum  haviu|,j  the  same  lime  ol 

ar  iiseillatiou  as  the  coiupoiunl  pen 

a®*^**'*'|*~'*^  .  j  tiulnm  mav  he  .ua airateh  drier 

,  mineil. 

Kalcr  s  Ki'VCisilili'  I’riidulinii  t  i  ■■  ■  i  c  i.t 

la  I'l}'.  ,vi  is  shown  ,1  slij^liilt 
nioclilied  form  oi  (his  pemluliiin,  in  whit  li  (he  rod  is  fonneil 
of  two  parallel  bars  of  winui,  .st'parated  In  hlociks  at  llie 
cuds  and  provided  with  two  .swiveled  evlitidiie  rinms,  be- 
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r.wccn  which  ;irc  i)laccd  two  adjustable  lead  wci_c,'hls,  hi'ld  in 
place  by  crosshai-.s  secured  to  the  wei^'hts  by  scaaovs,  aiul 
cxteiidiii”'  over  the  edp,’es  of  the.  wooden  bars.  Below  llu' 
lower  swiveled  ring  are  chunped  lead  wchf^'hls,  one  upon 
either  side  of  the  bar,  with  a  screw  extending-  Ihrough  oiu- 
weight  into  the  other.  These  wt-ights  arc^  eheapl)'  made  by 
easting  lead  in  small  blacking  box  covers. 

This  pendidum  is  suspc;nded  upon  a  knife-  c-dge  [irojeel- 
ing  from  a  suitable  support,  and  the  weights  between  the 
bars  are  adjusted  until  tine  time  of  vibration  is  tine  samce  for 
either  position  of  the  pendulum,  it  being  reversed  ;md  oscil¬ 
lated  first  u[)on  one  of  its  rings  as  a  eemter,  then  upon  tin- 
other,  nut  11  t  he  (lesirt-d  adjustment  is  st-eurc-d.  TIn-n  the 
distance  betweem  the  bc-aring  snrfacaes  of  tin-  rings  will  la¬ 
the  length  of  a  simiile  iK-ndulum  whi(-h  would  vibrate  in 
tlu!  same  time-  as  the  compound  pendninm. 

MI-;ASURKM.KN-1'  ok  •I'IMK  IIY  •I'IIK  l-KNDiri.tlM. 

The.  ai)[)liea.tion  of  the  pc-nduhmi  to  tin-  measnre-ment,  ol 
lime  dates  from  id5<S.  In  that  y(-ar  I  fa  vglums  !ippli(-d  it  to 
clocks.  Singnhirl)'  enough,  this  has  prov(-d  to  be-  the  only 
practical  use  of  any  importance  to  which  the-  pemdnhim 
coidd  be  adapted.  'I'lie  hmt  that  millions  of  clocks  have- 
been  made  whiedi  deiiend  on  thee  pe-udulum  for  rcegulalion 
jn'oves  the  great  vahie  of  Iluyghens’  inve-nlion. 

A  simiih;  model,  showing  the  application  ofthe]K-ndn- 
lum  to  clocks,  is  illusl rated  in  Tig.  B  is  rc-;idi!y  made-, 
and  servixs  to  show  how  the.  pendulum  acts  in  the-  regula¬ 
tion  of  a  (-h)ck,  ;md  is  n.se-ful  for  nn-asuring  .se-e-onds  in 
c-xperimental  work.  Tin-  frame!  is  made  entire-ly  of  hard 
wood.  d  iie.  three,  peirallel  plate-s  are;  coniu-cled  by  woodc-n 
studs.  The  wooden  arbor  of  the  scsiiie  wlu-e-1  is  provided 
with  steel  wire.  [)ivots,  the  oule-r  oiu!  beiing  prolonged 
beyond  tiu!  front  plate  to  ret!c:iv(!  the  seeauid  hand.  The 
sca.])c  wheel  consists  of  a.  disk  of  wood  about  Ihre-e-  inelu-.s 
in  diameter,  provich-d  with  !i  cire;edar  row  of  sle-e-l  pins,  uni- 
forndy  spaced  and  projechiug  from  the;  face  of  tlm  disk  par¬ 
allel  with  the  arboi-.  With  a  disk  of  I  he-  size-  given  I  birl  y  pins 
will  be  surfieienl,  with  ;i  larger  disk  sixty  pins  may  be;  msec!. 
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obldii^'  iDiip  above  referred  to,  and  is  provitled  on  ils  lowca- 
end  udl:li  ail  adjiislalile  wein'lil  of  i.l  Id  pounds. 

'I'he  seape  wheel  aiiior  is  jirovided  willi  a  einaimfereii- 
l;ial  V-s!ia[)ed  j^'roove  fornuu.n'  >>•  very  small  pulley  for  reeeiv- 
ing-  (lie  drivinj;'  cord.  Upon  llie  middle  ])hi(e  abovi^  llte 
arbor  is  fixed  a  eireular  bloek  havinj^’  a  deep  V-s!iaped  eir- 
lannferenlial  j^a'oovi' for  receivinjn'  and  holding’  Ihe  endless 
drivin;^’  cord,  which  passes  round  (lie  arbor  and  /.^’nioved 
block  as  sbown,  and  also  passes  around  (he  pulley  block 
atlached  (o  (he  weijji'Id.  It,  is  necessary  (o  have  l!u'  V- 
sliaped  f^-rooves  verv  deep  and  very  narrow  lo  eualiii'  I  hem 
to  [linch  (lie  driving-  cord,  d'o  insure  uniformily  in  (lie 
aclion  of  Ihe  cord  and  weiyhl,  il  is  advisable  lo  placi'  in  Ihe 
second  loop  of  (he  cord  a  pulley  and  eonnecl  wilh  il  a  very 
lij^'hl;  wci”’!i('.  When  (he  driving;'  weij^iil  lias  nearly  run 
<lown,  l.he  cord  may  be  pulled  upward  over  (he  {n'rooved 
block  and  faslinied.  I'lie  pendulum  rod  is  made  very  (hin 
and  llcxiblc  a(:  llu'  iqiper  end  by  hammering',  'riie  rod  is 
made  of  wire  of  suiricicnl;  diamelcr  lo  preveni  .si)rinf>'iu^'  by 
(he  aclion  of  the  escapemeid,  and  (lie  pendidnm  bob  is 
adjusfalile.  'flic  dis(ance  belweim  (he  cenler  of  (lie  bob 
and  the  S|)lit  stud  is  ;yj'ioi2  inches. 

Ihe  motion  of  the  pendulum  is  a  resull  of  the  down¬ 
ward  pull  of  ^.fravity  and  the  restraint  of  (he.  pendulum 
rod.  It  is  forced  Ipy  f^’ravity  to  move  nnlil  (lie  lowest 
point  of  its  arc  is  reached,  when  (he  momenlum  acipiired 
carries  it  forward  and  uiiward,  in  opposition  lo  (he  earth's 
attniclion,  until  ils  momenlum  is  overcome  by  g'ravily, 
when  itstopsancl  is  again  drawn  down  by  gravity,  eansing 
it.  to  return  to  (he  lowest  part  of  its  arc  and  reiieal  (he 
movement  just  described,  bul  in  the  op[)osite  direction. 
iJut  for  friction  of  (he  air  and  of  ils  parts,  (he  pendnhnn 
would  swing  on  indefiniiclv  williotd:  (lie  propelling  power. 

'file  isochronism  of  (he  pendiiium  is  perfecl  onl}'  when 
it.s- amjilitude.  of  vibral  ion  remains  the  sanu-,  or  when  it  is 
arranged  to  move  in  a  cycloidal  path.  It  is  im[)os:;ible  (o 
maintain  Constantly  the  same  amplitude  of  vibration,  and  it 
is  dilficult  to  cause  the  [lenchilmn  to  describe  a  (rue  cycloid. 
A  very  close  a])pro.Kimation  to  isochronism  is  secured  by 
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suspending  the  poncluhiiu  !)y  nu'iuis  ol  ;i  l!;if  spring  as  aluivn 
described  and  by  liinithig  ils  swing  lo  a  very  small  arc. 

The  motion  ol  a  cycloid  [)ciulnluni  is  very  well  illus¬ 
trated  by  the  cycloidal  track  and  the  liall  shown  in  h'ig.  .d'. 
The  track  is  formed  of  steel  bars  suioolhly  llnished,  and  llie 
hall  is  of  steel,  hardened,  ground,  and  polished,  one  ol  the 
kind  used  for  ball  bearings. 

The  period  of  oscillatitm  of  the  hall  rolling  on  Ihe  cycloid 
track  is  the  same  for  all  amplitudes.  'I’his  may  be  readily 
proved  by  comparing  two  like,  instruments  with  the  halls 
oscillating  at  different  ainplitiuh^.s. 

A  torsion  pendulum  is  one  that  depends  lor  ils  action 
upon  the  twisting  and  untwisting  of  an  elastic  suspension. 
The  simplest  pendulum  ol  this  cla.ss  is  the  toy  known  as  the 


Fit;.  30. 


Cycloid  Cui  vu. 


return  ball.  It  consists  of  a  wooden  ball  attached  to  the  end 
of  an  elastic  rubl)er  cord.  By  gra.sping  the  Iree  end  ol  the* 
cord  and  swinging  the  hall  .so  as  to  cau.se  it  to  roll  in  a  eir- 
cidar  path  on  the  door,  the  cord  will  he  rapidly  Iwisleil. 
If,  after  twisting,  the  cord  he  fastened  to  a  support,  as  shown 
in  Fig.  37,  it  will  he  fomul  that  the.  hall  will  rnlale  ra|iidlv 
by  the  untwisting  of  the  cord,  '['he  momeiitum  of  the  hall 
aociuired  during  the  untwisting  will  again  twist  the  cord, 
hut  in  the  opposite  direction.  This  pcndnlinn  will  nm  more 
than  an  hour  with  a. single  winding.  The  period  of  such  a 
pendulum,  taken  at  nimloin  from  a  pile  ol  return  halls,  was 

minutes,  the  rubber  cord  wlieii  not  estendctl  being  almut 
a  foot  long. 

By  mentis  of  apparatus  .sitnihir  to  tliat  .sliovvn  in  log.  tH. 
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Cnulnm!)  (leicnnincc!  (!u;  l:i\vs  of  (lu;  (oi-sion  of  wiros.  'I'Ir' 
wire  by  whicli  I  he  wei^’lif  is  sus|ien(le(|  is  linniy  si'oni-ed  lo 
(he  hook,  and  (lie  wei”'hl  is  ])rovid('d  wilii  an  index.  'The 
anfclc  f.liroti^'h  wddeh  I  he  index  is  (iinu.'d  from  llu?  posifioa 
of  I'esl.  is  l!ie  anj>-!e  of  lorsion.  Afler  liirniiif;'  ihe  weighi 
;ind  releasiiifi-  it,  (he  elaslicily  of  (he  win;  rcttnnis  i(  (o  the 
point  of  rest  and  (he  moinen- 

tuin  of  the  wei^'ht  earries  i(  1'"'.  ;iu.  1'ki. 

forward,  twistiiif;’  the  wire  in 
(he  opjHisite  direction,  until 
the  weigh(.  rcatdies  a  jioiiii 
where  (he  inoinentuin  of  the 
wei<;-ht  is  overbalanced  li)’’  (lie 
resistance  of  the  wire,  when 
the  wire  again  untwis(s,  (lim¬ 
ing  the  weight  in  the  opiiosite 
direetion,  Tliese  oseilhbions 
continue  until  tlie  force  origin¬ 
ally  applied  is  exhausted  in 
friction.  The  oseillations 
within  cer(.ain  limits  are  very 
nearly  eipial. 

A  torsion  jienduluin,  wi(h 
a  bifilar  suspension,  is  shown 
in  h'ig.  31;.  'The  whecd  is 
formed  of  a  disk  of  me(al, 
wilh  a  series  of  splil  lead  bails 
pinched  down  upon  i(s  edge. 

'I'he  wheel  weighs  i.l  ])oiinds. 

I(s  diame(er  is  four  inches. 

It  has  a  double  loop  a(  (he 
ecn(ei  foi  lec.eii'ing  (h(‘  ])aral-  '('oiHidn  I’taultilimiH. 

lei  suspending  wires,  which 

are  H  inch  apart  and  5  feet  long.  No.  30  spring  bra.ss  wire 
was  used  in  this  experiment.  The  period  of  (he  pemlnlum 
was  five  minutes. 

The  torsion  jiendnluin  has  lieen  snecessfully  applic-d  (o 
clocks.  I'ddierof  (wo  resubs  nni}'  be  secaired  by  i(s  use. 
d  he  (iinc  of  running  may  be  [irolonged  in  proporlion  as  (he 
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jun’idd  of  llu“  loi'sioii  iiciitluluni  is  !>iiiu;rr  lliaii  llial  (i|  an 
oscallalinjj,' OIK',  or  Ihc  mimlu'i"  ol  lo-ai  w  lit-cls  i<-iiiiii<'tl  in 
till'  (doi'k  iiiav  1)1'  i^'i'i'ally  mlurc-tl,  ()nliiiai\  t  loi  k'.  (<iii- 
.slnirli'd  on  lliis  iiriiit  iiilo  run  a  vrai'  with  a  siii:',li-  u  iudiiiy,. 
CdoolcH  lun'c  bri'ii  made  on  this  plan  wliifli  would  tun  lor 
one  linndn'd  years. 

In  till' .sanii' year  that  1  luvii'hens  applied  lli  ('  list  ■illatiiii; 
])Ondulnni  to  till'  eloek,  1  looke  applied  t he  spiral  spiiiitv  <o 
the  watch  balance,  fhercliy  causiiijn’  it  to  act  as  a  peoduluin, 

tOt:.  ai'. 


l'<iihl<m  I’cMdiiltiiii.  11)1'  H.il.iiii  • 

The  iirinciple  oj  I  looke’s  inveiitioii  is  illiistiated  b\ 

'I'lio  tijipai'at ii.s  here  .shown  has  a  vibr,ilor\  pciiod  ol  one 
second.  The  staff  rests  at  the  bottom  in  a  sm.dl  poKclain 
.stiuccr  and  turns  at  the  top  in  a  wire  loop  setuic-d  to  the 
ba.se  board.  1  he  disk  on  the  staff  is  loaded  at  its  pci  ipherr 
with  lead  balls.  A  laiy^e  wate  h  main  spiiiir;  oi  miisii' bos 
Slirin}^  is  tittached  to  the  staff  and  to  a  lised  stamlaid.  i'he 
o.scillation  may  be  quickened  by  usinq  a  slitter  spi  ini',  c.i  by 
removini.;'  .some  of  the  balls. 
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III  Fig.  41  i.s  represented  a  model  of  a  ])cndnhim  of  recent; 
invention  which  has  been  ajiplied  to  clocks  with  some  suc¬ 
cess. 

Two  cross  bars  are  supported  from  the  lia.se  by  (wo 
wires.  In  the  lower  cross  bar  and  in  (lie  liase  is  journaled 
a  wire  having  a  hook  at  (he  ipipcr  end.  'I'liis  verlieal  wire 
carries  a  curved  arm,  to  w!u’i:h  is  a(;taciied  a  thread  having 
at  its  extremil)'’  a 
small  weight,  such 
as  a  button.  The 
propelling  [lower  in 
this  model  consisls 
of  an  elasf'.ic  rulilier 
band  placed  on  the 
hook  on  (he  vertical 
rod,  and  received  in 
a  hook  on  the  little, 
crank  shaft  in  tlie 
upper  bar.  The 
rubber  band  is  twist¬ 
ed  by  turning  the 
crank,  and  the  crank 
is  preveiK.ed  from 
retrograde  move¬ 
ment  by  the  wire 
catch  at  the  .side  of 
the  bar.  ■ 

As  the  arm  is  carried  around  by  (he  jiower  stored  in  the 
rubber  band,  the  weight  on  (he  thread  is  thrown  outward 
by  centrifugal  force.  Whcn,it  reaches  one  of  the  side  rods, 
it  wra])s  the  thread  several  time.s  around  (he  rod,  thu.sholtl- 
ing  the  arm  until  the  thread  is  unwound  by  the  action  of 
the  weight,  when  the  arm  describes  another  luilf  revolution 
and  the  oiieration  just  described  is  rejieated. 
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CHAPTER  V. 


MOLECULAR  ACTIONS. 

Cohesion  and  adhesion  are  forces  which  hold  together 
molecules  or  ultimate  particles.  Cohesion  unites  molecules 
of  the  same  nature.  It  is  exerted  strongly  in  solids,  to  a 
less  degree  in  liquids,  and  very  little  in  gases. 

Heat  causes  the  mutual  repulsion  of  molecules,  and 

thus  diminishes  the  force 
of  cohesion.  Solids,  when 
strongly  heated,  expand, 
\  liquefy,  and  finally  pass  into 

a  gaseous  state,  if  not  chemi- 
cally  changed  at  the  tem- 
perature  r  e  a  c  li  e  d,  r. 
wood,  leather,  etc.  The 
tenacity,  hardness,  and  duc¬ 
tility  of  bodies  is  due  to 
cohesion. 

The  force  of  cohesion  in 
^  liquids  may  be  demonstrat¬ 

ed  by  suspending  a  disk  by 

i^Hw.raSLICI’'' J ^2 '  finally 

A  Demonstration  of  Cohesion.  .  i  i  i 

drawing  upon  the  rubber 

until  the  disk  separates  from  the  water.  It  is  found  that  a 

considerable  extension  of  the  rubber  is  required  to  detach 

the  disk.  By  a  more  delicate  experiment,  in  which  the  disk 

is  suspended  from  a  scale  beam,  the  force  of  cohesion  may 

be  accurately  measured.  It  is  found  by  this  experiment  that 
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the  material  of  the  disk  has  no  influence  on  the  result, ’but 
that  the  weight  required  to  detach  the  disk  varies  with  the 
nature  of  the  liquid.  The  fact  that  the  disk  retains  a  film 
of  water  after  separation  from  the  body  of  water  shows 
that  the  force  of  cohesion  of  the  water  is  less  than  the  force 
of  its  adhesion  to  the  disk. 


In  solids  cohesion  is  often  manifested  in  different  degrees 
in  different  parts  of  the  same  body.  The  body  is  then  un¬ 
der  strain.  Examples  of  bodies  in  this  condition  are  to 
be  found  among  iron  castings  and  in  unannealed  glass  ware. 

Prince  Rupert’s  drops,  or  Dutch  tears,  show  in  a  striking 
manner  how  a  bod}'-  under  sufficient  internal  strain  may  con¬ 
tain  within  itself  the  elements  of  destruction.  These  drops 
have  a  long,  oval  form,  tapering  at  one  end  to  a  point, 
which  is  more  or  less  curved.  They 
arc  made  by  dropping  melted  glass  into  '^3* 

water,  thus  suddenly  cooling  the  glass  .. 

and  putting  it  under  great  strain.  ~  ^  — 

The  larger  part  of  the  drop  may  be 
struck  with  a  hammer  without  break¬ 
ing  ;  but  on  breaking  off  the  point,  thus 
relieving  the  strain  at  one  place,  the 
glass  instantly  flies  into  pieces.  So 
complete  is  the  destruction,  that  the  Prince  Rupert’s  Drops, 
fragments  arc  often  like  fine  sand. 

The  Bologna  flask  is  of  the  same  nature  as  the  Prince 
Rupert’s  drops.  It  is  an  unannealed  glass  flask,  having  a 
very  thick  bottom,  which  is  under  great  strain.  The  fiask 
will  receive  a  hard  blow  without  breaking,  and  a  lead  bullet 
may  be  dropped  into  it  without  producing  any  effect,  but 
on  dro])])ing  into  it  a  quartz  crystal,  or  in  some  other  way 
slightly  scratching  the  inner  surface  of  the  flask  at  the  bot¬ 
tom,  the  flask  at  once  goes  to  pieces.  The  action  may  be 
comjiared  to  the  destruction  of  a  superstructure  of  masonry 
by  weakening  or  destroying  the  keystone  of  the  arch  which 
su})ports  it. 

A  common  example  of  actiem  of  this  kind  is  met  with  in 


lamp  chimneys,  which  break  without  any  apparent  cause. 
Engineers  often  find  glass  water-gauge  tubes  which  will 
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readily  slaiul  steam  pressure,  hul  whit'li.  when  seratehed 
even  iin[)en:epl,il)lv  <m  (lu‘  inner  surl’aees,  will  break. 

Adhesion  is  (lu*  term  applied  to  the  altraetitm  itetween 
the  surfaces  of  t.wt)  btxiies.  In  tlu'  e\ptniuuail  illustialetl 
by  Fig'.  42  tlumvater  atllieres  to  t lu*  disk,  and  the  toree  ol  .ul 
hesion  in  this  c'astt  is  superior  to  the  toree  tii  eoheHiim  ,is 
manifested  by  the  moUaades  t)f  the  water.  If  theumisteti 
ing  of  the  (.lisk  by  tlu' waiter  is  prevmited  bv  Ivettpodium  dis 


Km.  .(4. 


HdloKriH  I*lu*.k. 


tributed  on  the  surface  of  the  walm,  there  t  an  l»r  u,,  adhe 
sion. 

Two  pieces  of  plate  glass  pressed  iirmlv  ttng'ther  aelherr 
stiongly.  I  Ids  expinuncmt  sueci'eds  ui  a  vaeniun,  shi oviiii.' 
that  alino.spheric  pre.ssure  plays  rni  part  in  Indding  lUr 
glas.ses  in  contact. 

In  the  aits,  examples  ol  adhesion  are  louinl  in  glues, 
cements,  and  solders. 
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SURFACE  TENSION. 

The  surface  tension  of  liquids  is  manifested  in  various, 
ways,  notably  in  the  formation  of  drops,  as  in  rain,  each  drop 
bccominir  a  perfect  sphere  Water  S})rinkled  upon  a  sur¬ 
face  it  does  not  wet,  for  example,  a  dusty  surface,  or  upon 
a  surface  covered 
with  lycopodium, 
assii  m  es  s  [  >  h  e  roid  al 
forms,  as  shown  in 
Fig.  45. 

A  pretty  illustra¬ 
tion  of  cohcvsioo  and 

surface  tension  is 
^  ^  .  Surface  Tension  cxliibiled  in  Water  Drops, 

shown  in  hig.  40.  A 

few  drops  of  olive  oil  are  placed  in  a  suitable  vessel,  and 
into  the  vessel  is  carefully  poured  a  mixture  of  alcohol 
and  water  having  the  same  specific  gravity  as  the  oil.  The 
oil  will  be  detached  from  the  bottom  of 
the  vessel,  and  will,  in  consetjuence  of  the 
cohesion  of  its  particles,  assume  a,  spheri¬ 
cal  form.  Another  method  of  performing 
this  experiment  is  to  introduce  the  oil  into 
the  center  of  the  body  of  dilule  alcohol 
by  means  of  a  pipetle.  By  careful  mani¬ 
pulation  a  large  globule  of  oil  may  be 
introduced  in  this  way. 

Liquids  in  large  masses  assume  the 
form  of  the  vessel  in  which  they  arc  con¬ 
tained,  in  consequence  of  the  superior 
force  of  gravity. 

From  what  has  been  said,  as  well  as. 
from  what  follows,  it  will  be  seen  that 
liquids  act  as  though  they  were  inclosed 
in  a  tense  superficial  him.  A  glass  tube 
])ressed  endwise  into  a  body  of  mercury 
(Fig.  47)  produces  a  deep  depression  before  breaking  the 
surface  of  the  liquid.  When  a  glass  tube  is  presented  in  a 
similar  way  to  the  surface  of  water  (Fig.  48),  the  effect  is. 


Fig.  46. 


HI 


Oil  Globule  suspen¬ 
ded  in  Equilibrium. 
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rcvcrst'd,  the  walt'r  atlac’hin”'  itself  f«<  the  surtaee  ul  the 
iJI'lass  with  suc'h  foree  as  li<  spread  and  lift  the  water  in  the 
immediate  vieinilv  “f  the  wall  of  the'  tidie.  In  tuhes  «*! 
iar^'c  diameter,  (he  lu'ig'ld  to  whieli  water  is  lilted  in  slii^ht, 
hut  in  eapillary  tuht'S  (In'  hei^'ht  is  etmsidt'rahle. 

Fi^’.  49  shows  Ihc^  elTec'l  of  the  si/.e  of  the  tube  mi  tho 
heij^ht  to  which  the  lieiuid  is  raised  by  eupill.ii it v.  bln' 
smaller  the  areti  of  (he  npjK'r  end  of  the  litjuiil  eoluiuii,  the 
l^iretiter  tlie  eoneavity,  tuid,  as  a  eonsetpienee,  the  fat er  t  he 
strength  of  the  surfae.e  him  in  t'otnparison  with  tlu*  weight 
of  the  column  raised. 

When  (w'o  glass  jilates  tirtt  arrangc'd  at  a  slight  angle 
with  rcferciKHi  to  eat;h  other,  wdth  their  edge's  in  eont.u  f.  as 


Fie.  47.  Ft..,  4-4. 


.shown  in  Fig.  50,  the  liquid  exhibits  (he.  phenomenon  shown 
by  the  tubes  of  differtmt  diameter,  but  to  a  less  ilegi re.ow  ing 
to  the  contact  oi  the  edge  of  tlu*  .surface  film  of  the  lit|tjid 
with  proportionately  a  smaller  surface.  When  two  glass 
plates  are  jiresented  in  a  similar  manner  to  the  snit.m- 
of  a  lic|uid  which  does  not  wet  tlitun,  such  as  nientnv  oj 
Wtilci  Co\c.iC(l  vvith  1_\  t  opodium,  tlu*  effeet  is,  the*  MppMsite 
of  (hat  just  deseriheti  (Fig.  51).  C’apillarv  rlevatioii  and  tie. 
pre.ssion  are  more  clearly  shown  hv  tin'  esperiment  illns, 
(laled  in  Idg.  5-*  I  wo  inch  glass  tubes  tri minattng  in 
capilLir^\  tubes  .iic^  bt*nt  into  IF  shape  and  monnfi'‘*l  it|n»jt 
a  support.  Into  the  larger  end  of  one  of  tin*  rnffr^  e. 
ponied  nu'rcury,  which  flows  into  tlu*  smallri  brant  h,  Inif 
docs  not  reach  the  level  of  the  niereury  in  I  lie  huger  bram  h 
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The  upper  surface  of  the  mercury  in  each  branch  of  the 
tube  is  convex.  When  water  is  poured  into  the  larger 
branch  of  the  other  tube,  it  rises  in  the  capillary  tube  above- 
its  source,  and  its  upper  surface  in 
each  branch  is  concave. 

A  curious  example  of  the  effect 
of  surface  tension  is  shown  in  Fig. 

53.  The  smaller  end  of  a  tapering 
tube  is  plunged  several  times  into 
a  vessel  of  water  and  withdrawn. 

Whenever  it  is  drawn  out  of  the 
water,  the  contraction  of  the  water 
drop  adhering  to  the  lower  end 
of  the  tapering  tube  forces  the 
column  higher  within  the  tube,  un¬ 
til  at  length  a  point  is  reached 
when  equilibrium  is  established, 
the  contractile  force  of  the  drop 
being  balanced  by  the  weight  of 
the  column  of  water  contained  by 
(he  tube  and  by  the  upward  pull  of  the  film  at  the  upper 
surface  of  the  water. 

In  Figs.  54  and  55  are  illustrated  experiments  showing 

the  force  of  capillary  attraction 
and  adhesion.  In  Fig.  54  is 
shown  a  f  inch  tube  open  at  one 
end  and  terminating  in  a  capillary 
tubulure  at  the  other  end-  By 
allowing  the  tube  to  sink  for  twO' 
or  three  inches  in  water,  with  the 
larger  end  downward,  then  plac¬ 
ing  a  minute  drop  of  water  in  the 
capillary  end  of  the  tube,  the 
tube  may  be  raised  two  or  three 
inches,  carrying  with  it  the  col¬ 
umn  of  water  contained  by  it. 
If  the  capillary  end  of  the  tube 
be  closed  by  a  small  drop  of  water,  and  the  larger  end  be 
plunged  into  water,  as  in  Fig.  55^  air  will  be  retained  in 


Fig.  49. 
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the  tube,  and,  as  a  consequence,  the  water  cannot  enter. 
All  experiment  showing  a  phase  of  capillarity  is  illus¬ 
trated  by  Fig.  56.  This  experiment  was  originally  intended 
for  illustrating  upon  the  screen  tapestry  and  other  designs 
formed  of  small  squares,  in  colors ;  but  it  has  another  prac¬ 
tical  application,  which  is  capable 
of  considerable  expansion.  For 
projection,  a  piece  of  brass  wire 
cloth,  of  any  desired  mesh,  say  from 
12  to  20  to  the  inch,  is  mounted  in 
a  metallic  frame  to  adapt  it  to  the 
slide  holder  of  the  lantern,  and  the 
wire  cloth  is  coated  lightl)?-  with 
lacquer  and  allowed  to  dry. 

The  slide  thus  prepared  is 
placed  in  the  lantern  and  focused. 
The  required  design  may  now  be 
traced  by  means  of  a  small  camel’s 
hair  brush,  colored  inks  or  aqueous  solutions  of  aniline  dyes 
being  used.  The  small  squares  of  the  wire  cloth  are  filled 
with  the.  colored  liquid,  and  show  as  colored  squares  upon 
the  screen.  Different  colors  may  be  placed  in  juxtaposition 


Fig.  51. 


Fig.  52. 


Capillary  Elevation  and  Depression. 


Fig.  53. 


Effect  of  Surface  Tension. 
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without  liability  to  mixing,  and  a  design  traced  without 
special  care  will  appear  regular,  as  the  rectangular  aper¬ 
tures  of  the  wire  cloth  control  the  different  parts  of  the 
design. 

Fig,  54.  Fig.  55. 


The  colored  liquid  squares  are  retained  in  the  meshes  of 
the  wire  cloth  by  capillarity.  A  damp  sponge  will  I'emove 
the  color,  so  that  the  experiment  may  be  repeated  as  often 


Fig.  56. 


Method  of  Producing  Designs  on  Wire  Cloth. 


as  desired.  In  this  experiment  the  colored  squares  have 
the  appearance  of  gems.  These  designs  may  be  made  per¬ 
manent  by  employing  solutions  of  colored  gelatine ;  but  in 
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this  case  the  squares  are  so  small  that  they  are  not  very 
effective  without  magnification.  Really  elegant  designs- 
may  be  produced  in  this  way  for  lamp  shades,  window  and 
fire  screens,  signs,  etc.  The  mesh  of  the  wire  cloth  should 
be  quite  coarse,  say  lo  to  the  inch.  The  wire  cloth  is  sup¬ 
ported  a  short  distance  from  a  design  drawn  on  paper,  and 
the  different  colors  are  introduced  into  the  meshes  by  means 
of  an  ordinary  writing  pen.  The  gelatine  solution  should 
not  be  very  thick,  and  it  must  be  kept  warm.  Ordinary 
transparent  gelatine  may  be  colored  for  this  purpose  by 
adding  aniline.  Colored  lacquers  answer  admirably  for 
filling  the  squares.  The  beauty  of  this  kind  of  work  and 
the  simplicity  of  the  method  by  which  it  is  produced' re¬ 
commend  it  for  many  purposes. 

ABSORPTION  OF  GASES. 

The  behavior  of  gases  under  certain  conditions  is  of 
peculiar  interest  to  the  student  of  physics,  since  it  involves 
actions  which  cannot  be  seen  and  which  require  purely  men¬ 
tal  effort  for  their  comprehension.  There  are  simple  ways 
of  demonstrating  that  certain  actions  do  occur,  but  the  exact 
mode  ot  their  occurrence  is  left  to  reason  or  conjecture. 

In  some  of  the  following  experiments  molecular  action 
proceeds  with  astonishing  rapidity.  One  of  the  best  exam¬ 
ples  of  this  rapid  action  is  the  absorption  of  gases  by  char 
coal. 

To  illustrate  absorption  according  to  the  usual  method, 
a  piece  of  recently  heated  charcoal  is  floated  upon  mercury 
and  a  test  tube  filled  with  carbonic  acid  gas  or  ammonia  gas 
is  inverted  over  it  and  quickly  plunged  into  the  mercury, 
Fig.  57.  The  absorption  begins  immediately  and  quickly 
forms  a  partial  vacuum,  which  causes  the  mercury  to  rise  in 
the  tube. 

When  a  quantity  of  mercury  is  not  available,  the  experi¬ 
ment  may  be  performed  very  satisfactorily  in  the  manner 
illustrated  by  Fig.  58.  A  glass  tube,  closed  at  one  end  by  a 
cork  in  which  is  inserted  a  short  piece  of  smaller  tube,  is 
plunged  open  end  downward  into  a  tumbler  partly  filled 
with  water.  To  a  flask  or  bottle  is  fitted  a  cork  in  which  is 
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inserted  a  small  i>;lass  lube,  and  the  two  small  tubes  are  con¬ 
nected  by  a  sh{)rt  piece  of  Ilexible  rubber  tubini;-.  'The  llask 
is  filled  with  carbonic  acid  ifas,'"-’  and  corked.  One  or  (wo 
small  pieees  of  line  charcoal  are  heated  strongly  in  a  closed 
vessel,  sucli  as  a  covered  crucible,  or  upon  the  top  ot  a  stove. 
The  cork  of  the  flask  is  removed,  and  the  charcoal  is  dropped 


i'Hi.  57- 


Al)sor])ti()n  of  Cttisos  by  cnoircroal, 

in  and  the  cork  rejilaccd.  If  there  are  no  leaks,  the  absorp¬ 
tion  of  the  gas  by  tlie  charcoal  will  be  iminediatel}'  shown 
by  the  rise  of  tlie  water  in  the  tube  in  the  t.umbler.  'I'lie 
coal  will  absorb  35  times  its  bulk  of  the  gas.  In  the  case  of 
ammonia  the  volume  of  gas  absorbed  reaclu's  90  timers  the 
bulk  of  the  charcoal.  As  the  gases  which  are.  most;  ea.Hily 

*  (bu'lxinic  :u;iil  ir:i.s  for  lliis  and  snb.scxinoiit  (ixpcriiricnUs  may  In;  readily  pn;- 
parod  by  dissolviiifi;  a  .small  (luaiURy  of  carbonate  of  soda  (say  i  oz.)  iu  water, 
in  a  tall  >,das.s  or  earthen  vessel,  them  slowly  adfliiiK  a  f(;w  drops  of  .suli>hurit', 
acid.  The  f'as  will  (luickly  1111  the  vessel  to  ovel’llowirlJ,^  'I'lu;  carboiik;  add 
gas  being  inucdi  heavier  than  air,  may  he  readily  pounul  into  tlie  llask. 
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condensed  to  a  liquid  state  are  those  which  are  absorbed 
with  the  greatest  facility,  it  is  fair  to  presume  that  the  gases 
absorbed  by  the  charcoal  are  in  a  liquid  state.  The  well 
known  purifying  property  of  charcoal  and  other  porous  sub¬ 
stances  is  referred  to  their  absorptive  power. 

THE  DIFFUSION  OF  GASES. 

The  tendency  of  gases  to  mix  or  diffuse  one  into  the 
other  is  very  strong.  A  simple  experiment  exemplifying- 


Fig.  58. 


Absorption  of  Carbonic  Acid  Gas  by  Charcoal. 


this  tendency  is  illustrated  by  Figs.  59  and  60.  A  clean,  dry 
porous  cell,  such  as  is  used  in  galvanic  batteries,  is  closed 
by  a  cork  in  which  is  inserted  a  small  glass  tube.  A  piece 
of  barometer  tube  six  or  eight  inches  long  is  connected  by 
rubber  tubing  with  the  tube  of  the  porous  cell.  The  end  of 
the  barometer  tube  is  plunged  into  water  and  the  porous 
cell  is  introduced  into  a  vessel*  filled  with  hydrogen  or  illu¬ 
minating  gas.  The  gas  enters  the  porous  cell  so  much  more 

*  An  ordinary  fish  globe  answers  admirably  as  a  gas-containing  vessel  for  this 
and  similar  experiments.  It  is  readily  filled  with  illuminating  gas  by  placing 
it  for  a  minute  in  an  inverted  position  over  a  burner  through  which  gas  is 
flowing. 
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rapidly  than  the  air  can  escape  through  the  pores  of  the  cell 
that  a  pressure  is  created  which  causes  the  air  to  escape 
through  the  tube  and  bubble  up  through  the  water. 

When  the  porous  cell  is  removed  from  the  glass  globe, 
the  reverse  of  what  has  been  described  occurs,  the  gas  pass¬ 
ing  outward  with  much  greater  rapidity  than  the  air  can 
pass  in,  thereby  producing  a  partial  vacuum,  which  causes 


Fig.  59. 


The  Diffusion  of  Gases — Endosmose. 


the  water  to  rise  to  a  in  the  glass  tube,  Fig.  60.  These  are 
examples  respectively  of  endosmose  and  exosmose.  In  these 
experiments  it  is  of  vital  importance  to  have  tight  joints, 
as  the  slightest  leak  will  insure  failure.  The  corks  should 
■fit  tightly,  and  where  they  are  not  to  be  removed,  they 
should  be  carefully  sealed. 

These  experiments  may  be  tried  on  a  large  scale  by  em¬ 
ploying  a  porous  Turkish  water  cooler  instead  of  the 


i';\l’MUiMi:\  l  AJ  n  »■ 


])()]■( )us  cell,  tiiul  ii.siuL;'  a  lari;'rr  aiul  liuiL't-i  ej.e.'.  tiiitc.  A 
Iar<4-e  belt  £;‘lass  oi’^’lass  shade'  nia\  serve  as  the  j:.ewt  ..nf.siii 
iiif^  vessel  'I'lu' aelitm  inav  be  made  tmae  distiiutlv 
hie  by  colorinj^  lie  water. 

.A  convt'iiieul  and  ine\j)t'iisive  uav  «'i  shiivvin^  the  sauu- 
phenomena  t )ii  a  small  scale  is  ilbistrated  bv  My.  f*t,  \n 
ordinary  clay  tobacco  ptp<‘  atiswcis  bn  (he  imintts  vessri, 
A  sliorl,  ceniralh'  apertured  emk  is  Jilted  fu  Jlie  hnwl  •»! 
the  pil»c‘,  a  ylass  lube,  ol  about  niiea-iy hi li  im  b  intrin.d 
diamt'ter,  is  iitled  to  the  beU'e  nt  tin*  loik,  and  flee  eink  is 
carefully  sealed.  By  comici'tiny  the  sieiu  ■•!  ihf  pipe  vmlli 


n  e-as  jet  or  hydroyen  I'em  i.jImj  ,  le*  mrair,  <4  i  l|r\ii4f* 
tube,  and  inserting  tin*  1;!.,%%  uibr  a  Jn.ii  de.i.uHe  r.sio 

water,  the  yas  will  bubfile  up  fhi**u:*b  tij*-  uafn  A*b-i 
shuttiiii*;  off  the  yas  at  tbebuiuei,  n  li\  d-ntbitie.*  ms  psn*  ii 
iny  the  rubber  tube,  the  walei  will  iiitui»sfs,i!»  A  ssse  ssi  flj»' 
ylass  lube  sliouiny  fh.if  in  tlie  *■%,!, ane/-  <•!  o.r.  4t}d  an 
thioiiy^h  the  port's  ol  tlu*  i  lav,  the  Mutii.aid  s3i<H*-iijrut  m! 
the  yas  has  been  imu'h  mote  j.ipitl  ib.m  fisr  ssiw  ud 
meni  (if  the  air,  thereby  proihieini'  .1  p,iiti.i,l  v  .i*  isiou, 
ctuises  the  water  to  rise. 
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By  breaking  off  the  stem  of  the  pipe  near  the  bowl,  the 
pipe  and  glass  tube  may  be  plunged  in  a  deep  glass’  jar, 
when  the  experiment  may  be  proceeded  with  as  follows : 

A  little  watei,  say  one-half  inch  in  depth,  is  poured  into 
the  jai,  after  which  the  jar  is  filled  with  carbonic  acid  gas. 
Illuminating  gas  or  hydrogen  is  allowed  to  flow  through 
the  pipe  w'-hilc  it  is  removed  from  the  jar,  so  as  to  drive 
out  all  the  air  and  fill  the  pipe  with  gas.  The  gas  is  now 
shut  off  and  the  pipe  is  immediately  placed  in  the  jar,  with 
the  glass  tube  plunged  in 
the  water.  The  effect  is  the 
same  as  in  the  case  of  the 
air  and  gas,  i.  c.,  the  car¬ 
bonic  acid  gas  goes  in  and 
the  hydrogen  gas  goes  out ; 
and  when  equilibrium  is 
established,  the  pipe  will 
contain  some  carbonic  acid. 

This  may  be  proved  by  re¬ 
moving  the  pipe  from  the 
jar  and  plunging  the  glass 
tube  into  some  clear  lime 
water,  then  allowing  the 
gas  to  flow  onl3’'  long  enough 
to  force  out  the  contents  of 
the  pipe.  The  presence  of 
the  carbonic  acid  is  indi¬ 
cated  by  the  milky  appear¬ 
ance  of  the  lime  water, 
which  is  due  to  the  forma-  Simple  Way  of  Showing  the  Diffusion 
tion  of  carbonate  of  lime. 

There  is  sufficient  carbonic  acid  in  the  exhalations  of 
the  lungs  to  show  an  action  which  is  the  reverse  of  that 
observed  in  connection  with  illuminating  gas.  When  the 
pipe  is  blown  through,  and  the  end  of  the  stem  is  quickly 
and  completely  stopped,  one  or  two  bubbles  will  escape 
from  the  glass  tube,  showing  that  the  inward  movement  of 
the  ail  through  the  pores  of  the  clay  is  more  energetic  than 
the  outward  movement  of  the  carbonic  acid. 


Fig.  61. 
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The  diffusion  of  gases  may  be  shown  by  the  well  known 
experiments  illustrated  by  Figs.  62  and  63.  A  medium 
sized  fish  globe,  a  very  small  fish  globe  which  will  pass  into 

the  larger  one,  and  a 
piece  of  bladder  are 
the  requisites  for  this 
experiment. 

The  small  globe  is 
filled  w  i  t  h  carbonic 
acid  gas,  and  the  blad¬ 
der,  previously  moist¬ 
ened,  is  placed  loosely 
over  the  mouth  of  the 
jar  and  tied  so  as  to 
render  the  connection 
between  the  bladder 
and  the  globe  air  tight. 
A  good  way  to  insure 
a  tight  joint  is  to 
stretch  a  wide  rubber 
band  around  the  neck  of  the  globe  before  applying  the  mem¬ 
brane,  The  large  fish  globe  is  filled  with  hydrogen  or 
illuminating  gas,  and  the  small  globe  is  placed  under  it  as 
shown  in  Fig.  62. 

As  the  hydrogen 
passes  inward 
through  the  mem¬ 
brane  much  more 
rapidly  than  the  car¬ 
bonic  acid  passes 
outward,  the  mem¬ 
brane  is  distended 
outwardly.  It  re¬ 
quires  a  little  time 
to  produce  a  visible 
effect.  If  the  small¬ 
er  globe  is  filled 
with  hydrogen,  and 

the  large  one  with  Partial  Vacuum  by  Exosmose. 


Fig.  62. 


Pressure  by  Endosmose. 
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carbonic  acid,  the  membrane  will  be  distended  inward,  as 
shown  in  Fig.  63.  In  this  latter  case  the  experiment  may  be 
performed  with  the  least  trouble  by  placing  the  large  giobe 
with  its  mouth  upward,  and  closing  it  by  means  of  a  plate 
of  glass. 

Endosmose  proceeds  from  the  rarer  toward  the  denser 
gas.  The  law  governing  the  diffusion  of  gases,  according 
to  Graham,  is  that  the  force  of  diffiisiorh  is  inversely  as  the 
square  roots  of  the  densities  of  the  gases. 

When  two  miscible  liquids  are  separated  by  a  porous  par¬ 
tition,  they  diffuse  one  into  the  other.  A  simple  endosmo- 
meter  for  showing  this  action  is 
shown  in  Fig.  64.  It  consists  of  a 
small  funnel  having  its  mouth 
closed  by  a  piece  of  bladder  held 
in  place  by  a  wide  rubber  band 
stretched  around  the  rim  of  the 
funnel.  The  funnel  thus  prepared 
is  immersed  in  water,  for  example, 
and  is  filled  to  the  level  of  the 
water  with  sirup  of  sugar.  The 
water  passes  through  the  bladder 
into  the  funnel  and  the  sirup  passes 
out.  The  rise  of  the  liquid  in  the 
funnel  indicates  that  the  water 
enters  more  rapidly  than  the  sirup 
escapes.  The  presence  of  the 
sirup  in  the  water  may  be  detected  by  taste.  That  the 
water  passes  through  the  membrane  into  the  funnel  may 
be  proved  by  adding  to  the  water  a  small  quantity  of  sul¬ 
phate  of  iron,  and  after  the  experiment  has  proceeded  for  a 
time,  adding  some  tannin  to  the  contents  of  the  funnel.  If 
sulphate  of  iron  is  present  in  the  funnel,  the  sirup  will  turn 
dark  upon  the  addition  of  the  tannin. 

If  the  neck  of  the  funnel  proves  to  be  too  short,  a  glass 
tube  may  be  connected  with  it  by  means  of  a  short  piece  of 
rubber  tubing. 


Fig.  64 
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CHAPTER  VL 

LIQUIDS— PRESSURES  EXERTED  BY  LIQUIDS. 

Liquids  are  distinguished  from  solids  by  the  great  mo¬ 
bility  of  their  molecules.  The  adhesion  between  the  mole¬ 
cules  of  liquids  produces  more  or  less  resistance  to  their 
free  motion.  This  property,  which  is  known  as  viscosity, 
is  inherent  in  all  liquids,  some  exhibiting  extreme  mobility, 


Fig.  65. 


Demonstration  of  Pascal’s  Law. 


others  having  great  viscosity.  Ether  is  an  example  of  a 
mobile  liquid,  and  an  example  of  a  viscous  one  is  found  in 
glycerine. 

Liquids  are  compressible  to  a  very  small  degree  only. 
They  are,  as  we  have  already  noticed  (Chapter  I),  porous 
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and  impenetrable,  and,  in  consequence  of  their  compressi¬ 
bility,  they  are  elastic. 

Pascal  enunciated  the  following  law  of  the  pressures  of 
liquids:  Pressure  exerted  anywhere  upon  a  mass  of 

liquid  is  transmitted  undiminished  in  all  directions,  and  acts 
with  the  same  force  on  all  equal  surfaces,  and  in  a  direction 
at  right  angles  to  those  suidaces.” 

To  demonstrate  this  principle,  the  apparatus  shown  in 
Fig.  65  has  been  devised. 

A  hollow  metallic  globe  is  provided  with  open¬ 
ings  at  the  top  and  bottom 
and  upon  four  or  more  of  its 
sides.  Around  these  openings 
there  are  collars,  over  which 
are  stretched  and  tied  dia- 
ph  ragms  of  rather  thick  but 
elastic  rubber,  the  upper  dia¬ 
phragm  being  omitted  until 
the  globe  is  filled  with  water. 

The  globe  being  placed  upon 
a  suitable  support,  pressure  is 
applied  to  the  upper  dia¬ 
phragm,  when  it  is  found  that 
the  pressure  is  transmitted 
through  the  medium  of  the 
water  not  only  to  the  dia¬ 
phragm  at  the  bottom  of  the 
globe,  but  in  an  equal  degree 
to  the  diaphragms  upon  the  Pascal’s  Experiment, 

sides  of  the  globe,  thus  showing  that  the  pressure  is  exerted 
by  the  water  equally  in-  all  directions,  and  at  right  angles  to 
the  surfaces  with  which  it  is  in  contact.  This  is  a  simple 
illustration  of  Pascal’s  law. 

Probably  there  is  not  a  more  striking  example  of  the 
effects  of  hydrostatic  pressure  than  that  presented  in  Pas¬ 
cal’s  experiment,  in  which  he  burst  a  stout  cask  by  inserting 
in  it  a  tube  about  30  feet  high,  and  filling  both  the  cask  and 
tube  with  water.  This  experiment,  in  a  modified  form,  is 
illustrated  by  Fig.  66.  A  tin  cup  of  6  inches  diameter,  and 
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luivint^  a.  wired  cdjj^e,  is  furiushed  with  a  loatiier  or  i tibhiT 
cover,  tied  over  the  top  of  the  cup  so  that,  it  may  have  a 
motion  of  Li.  half  inch  or  more.  In  the  side  of  tlu'  cup  i.;  in¬ 
serted  a  tid)C  which  extends  upward  above  tlu'  to[)  ol  tin* 
cup  24  inches,  and  is  furnislied  at  its  upper  end  with  a  fun 
ncl.  Tlie  diameter  of  the  tube  is  of  no  {’onstajiu'iice  ;  the 
result  will  he  the  same  whether  it  is  small  or  lari;'e.  The  cup 
is  tilled  with  water  b_v  suhmer<;inf4  it  with  tlu*  tube  in  ti  hori- 
;^outal  ])()sition,  with  the  tube  uppermost,  and  altt'ruately 
pressiiii^  in  the  Ilexihle.  coverin<i;  and  then  drawing;'  it  out¬ 
ward.  rius  o])eration  soon  drives  out  the  air  and  tills  the 
cup  with  water.  'Phe  cup  is  placc'd  with  the'  pipe  in  a  ver- 
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tical  position,  and  a  board  is  laid  over  tlu;  llexible  cover  ami 
pressed  to  cxj)cl  all  of  the  water  above  the  rim  of  (he  cup. 

Now,  by  placin^^  a  twenty-hve  pound  wei^'ht  upon  the 
board  and  pouring  water  into  the  tube,  the  weii^-ht  will  In' 
lifted  and  sustained.  'Phis  experiment  sliows  that  a  ^;reat 
pressure  may  be  produced  by  a  small  column  ol  water.  In 
this  case  the  cup,  with  its  flexible  cover,  represents  (tie  iai4»e 
cylinder  and  piston  ol  a  hydraulic  press,  the  tube  sfamK 
for  the  ])umi)  cylinder,  the  small  w;itt'r  eolumn  in  fhe  tnbt” 
for  the  piston,  and  the  weight  of  the  (a)hmm  for  flu'  powc-r 
applied.  By  increasing  the  height  of  the  water  column,  the 
pressure  will  bo  correspondingly  inereased. 

Fig.  d;  shows  two  coimmmieating  vessels  (.1  ditfereut 
diametm*.  'Phe  larger  one  is  divided  at  a  point,  A,  near  its 
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base,  and  reunited  by  means  of  a  packed  joint.  When 
water  is  poured  into  one  of  these  vessels,  it  rises  to  the 
same  level  in  both.  By  removing-  the  u[)pcr  portion  of  the 
larger  vessel  and  tying  a  flexible  cover  over  tlie  lower  part,, 
it  is  found  that  a  column  of  water  in  the  smaller  vessel  ex¬ 
tending  to  the  point,  (H,  will  be  exactly  counterbalanced  by 
a  certain  weight  placed  on  the  flexible  cc^ver,  as  in  Fig.  68. 
The  weight  required  will  be  exactly  that  of  a  column  of  watcr 
of  the  diameter  of  the  larger  vessel  and  e(]ual  in  height  to  the 
distance  between  the  flexible  cover  and  the  level  of  the 
smaller  column,  a.  'Fhis 
may  be  shown  by  removing 
the  weight,  replacing  the 
upper  part  of  the  kirger 
vessel,  as  in  Fig.  69,  and  fill¬ 
ing  it  with  wal.cr  up  to 
the  level,  a.  The  weight  of 
water  reciuircd  in  the  larger 
vessel  to  thus  lift  the  smaller 
column  to  the  2)C)int,  a,  will 
be  fomul  to  be  the  same  as 
that  of  the  weight  removed. 

It  seems  puxzling  that 
no  variation  in  the  size  or 
form  of  the  upper  ])ortion 
of  the  larger  vessel  can  make 
any  difference  in  the  results, 
jjrovided  the  same  water 
level  is  m.aintained  ;  but  it 
imisl  be  reuK-iubcrcul  tliat  the  whole  (|uest;i()n  is  simply  one 
of  pi-t^ssure  p(;r  scpiare  inch.  'The  weight  will  as  readily 
balance  a.  large;  column  as  a  small  one,  the  vertical  height 
being  the  same  in  each  case. 

'I'lie  enormous  pressure  (h‘vcloped  in  a  hydraulic  pre-ss  is 
a  subject  of  wonden*,  even  to  those  who  perfectly  under¬ 
stand  the  principle  iuvolvcul  in  its  operation.  Men  rc'gard 
with  interest  anything-  that  furnishes  an  exhibition  of  power, 
and  it  is  difficult  to  avoid  thinking  that  in  the  hydraulic 
pre.ss  power  is  actually  created  in  some  mysterious  way. 
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However,  iiol.hini;’ nl  this  kind  happens.  A  lixdianlit  pic^s 
is  simpl}'  a,  power  eonverltn',  in  wlueh  a  ('(‘ttaiii  pressure 
per  s(iiuirc  incli,  actin'^’ on  a,  small  ari'a.  is  alile  ptodnee 
the.  same  pressure  per  scpuire  inch  on  a  larij^e  .iica,  tlu’ri'li\ 
inultiplj'iii”' the  pressure,  d'he  sum  (o(:d  ol  all  the  pouca 
utilized  in  the  press  is  exactly  e(|ual  to  t he  sum  total  ol  all 
the  power  a[)pliecl  to  the  prt'ss,  Ic’ss  Irieliiiii. 

In  J’'i^’.  70  is  illuslratc’d  a  h\‘j)ot liel leal  hvdiaulie  press, 
above  which  is  t;’iven  a  tlia^’ram  showing;  the  lelatue  areas 
upon  which  pressure  is  c'xertcal.  To  the  t  u  <i  t  « immunit  .it 
iiif;'  vessels,  .A,  B,  wit li  scpiarc'  cross  sections. an*  htted  the 
jiistons,  a,  is.  The  piston,  f?,  is  oiu*  inrli  squai  e.  aiul  t  oiisc- 
<iueii!lv  has  an  urt*a  ol  one  stpiare  inch.  1  he  piston,/’,  is 
5  inches  stpiare,  and  c'onsetiut'nlly  has  an  aie.t  o! 
stpiart*  inches.  If  the  spaces  helou  the  pistons  be 
fdled  with  water,  it,  will  be  loimd  that,  in  consetjuetu  «■ 
t‘l’  the  etpud  distribution  of  prt'ssnre  throughout  the 
eonlined  hotly  of  water,  a  weij^ht  |i!aeetl  on  the  pistnu, 
will  ba.lant:e  a  wei'^’ht  twentydive  limes  as  pie.it  [iLu  t*d 
u])on  the  piston,  (> ;  that,  for  example,  a  tlounuanl  piessuie 
of  live  ])oun(ls  upon  the  piston,  tf,  will,  thnuiph  the 
medium  of  tlu*  water,  cau.se  a  pressure  ol  fi\e  pounds 
to  he  exerted  on  every  .stpiare  inch  0}  stirlaee  tom  hetl  b\ 
the  water,  anti  that  Iht*  movable  piston,  />,  haviup  tueut\ 
live  times  the  area  tif  the  piston, //,  and  I'eeeiviiip  on  eat  ii 
.stjuare  inch  tif  its  surface  :i  pressure  ol  li\e  pounds,  uil!  be 
forced  upward  with  a  pressure  of  one  huntlred  ami  tueutv 
live  pountls. 

A  ]>ress  of  this  description  would  lia\(*  mt  piattitai 
value,  inasmuch  as  a  movemeut  of  the  piston,  u,  thiouph 
the  s])acc  tif  live  incluxs  wtiuld  lift  the  pisttm. /<.  onlv  one- 
liftli  tif  an  iiurh.  To  lift  tlu'  piston,  A.  loe  inelies  woulti 
neee.ssitate  a  piston,  having’  a  lenp’th  oi  one  huntlied  and 
twenty-live  inches  (over  ten  feel). 

d'o  obviate  this  flitru:nll.y,  the  pump  piston  of  a  h\dr.mlit 
pre.ss  is  of  a  reasonable*  It'up'lh,  anti  valves  are  piovitled  lo 
means  of  which  the  short  pisttin,  by  aetinp’  re‘ptMfetlh,  \ul! 
acctimplish  the  same  results  us  woulti  in  the  other  tsiso  re- 
<iuire  a  very  lim'i;  pisttin. 
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Iji  Figs.  71  and  72  is  shown  a  very  simple  and  easily  con¬ 
structed  liydroidic  press,  which  has  considerable  utility.  It 
is  made  of  pipe  fittings,  valves,  rods  and  bolts,  that  arc  all 
procurable  almost  anywhere. 

To  the  baseboard  is  seen  red  a  flange,  into  which  is  screwed 
a  short  piece.  A,  of  gas  pipe.  On  the  upper  end  of  the  pipe 
is  screwed  a  coupling,  into  which  is  inserted  a  bushing  from 
which  the  internal  thread  has  been  removed.  In  the  bvish- 
ing  and  in  the  pipe,  A,  is  inserted  a  rod  of  cold  rolled  irom 
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a  bar  of  brass,  or  a  short  siadion  of  shafting,  and  the  spacx" 
in  the.  t  oupling  around  the  rod  is  lilled  with  hemp  packing, 
whic'h  may  be  compiessed,  if  recpiired  from  time  to  tiiiu', 
by  screwing  in  llu*  l)ushing.  'I'lie  flange  at  the  bottom  of 
(lu*  pipe.  A,  is  comiectc'd  with  llu^  pump,  li,  1)}''  the  pipe,  C', 
in  which  is  inst'rled  a  discharge,  ;is  shown.  I'lie  pump  cyl¬ 
inder  is  inst'rled  in  a  crosslet',  to  opposite  sides  of  which 
are  attached  ordinary  chet;k  valves.  The  tec  is  fastened  to 
the  bast'  !»y  a  plugged  piece  of  ihpe,  extending  through  tin; 
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piston  to  the  area  of  the  small  one.  With  pistons  of  re¬ 
spectively  2  inches  and  %  inch  diameter,  a  pressure  of  3,000 
pounds  may  be  produced  easily.  If  it  is  desired  to  create  a 
greater  pressure,  the  barrel.  A,  may  be  made  of  hydraulic 
tubing,  and  a  lever  may  be  applied  to  the  pump  piston,  or 
the  diameter  of  the  barrel.  A,  and  its  piston  may  be  in¬ 
creased. 

LATERAL  PRESSURES. 

In  some  experiments  already  described  it  was  shown 
that  hydrostatic  pressure  is  equally  distributed  on  all  sides 
of  the  containing  vessel.  Fig.  73  illustrates  an  experiment 

Fig.  73. 


Reactionary  Apparatus. 


in  which  are  shown  the  effects  of  removing  pressure  from  a 
portion  of  one  side  of  the  vessel,  thus  allowing  the  pressure 
to  act  upon  the  opposite  side  of  the  vessel  in  such  a  manner 
as  to  cause  it  to  move.  This  experiment  is  arranged  to  show 
this  action  in  two  ways,  one  so  as  to  propel  the  vessel  for¬ 
ward,  the  other  so  as  to  cause  it  to  turn. 

The  apparatus  consists  of  a  tall  tin  can — such  as  is  used 
by  fancy  bakers  for  wafers  or  fine  crackers — mounted  upon 
a  wooden  float  provided  with  a  lead  ballast  to  keep  it  in  an 
upright  position.  In  one  side  of  the  can  at  the  bottom  is 
inserted  a  short  tube,  a,  and  in  diametrically  opposite  sides 
of  the  can,  also  at  the  bottom,  are  inserted  longer  tubes, 
which  reach  over  the  wooden  block  and  have  their  ends 
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turned  in  opposite  directions.  iVll  of  the  tubes  are  stopped,, 
and  the  float  is  placed  in  a  large  vessel  of  water,  when  the 
can  is  filled  with  water  and  the  stopper  of  the  tube,  a,  is 
withdrawn,  thereby  allowing  water  to  escape  fr(')m  the  can, 
and  by  reaction  drive  the  can  backward. 

When  the  straight  tube,  a,  remains  closed,  and  the  bent 
tubes,  b,  are  opened,  the  reaction  of  the  issuing  streams 
results  in  the  rotary  movement  of  the  apparatus.  The 


Fig.  74. 


Hydraulic  Ram. 


apparatus  arranged  in  this  way  illustrates  the  principle  of 
Barker’s  mill. 

The  hydraulic  ram,  a  simple  form  of  which  is  illustrated 
in  Fig.  74,  depends  for  its  action  on  the  momentum  of  the 
water  column  and  upon  the  elasticity  of  air.  The  reservoir 
in  the  present  case  consists  of  an  inverted  glass  bottle  hav¬ 
ing  no  bottom,  and  provided  with  a  perforated  stopper  in 
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which  is  inserted  one  end  of  a  tube,  prciciaibly  lead,  on 
account  of  the  facility  with  which  it  may  be  cut  and  bent. 
'Fhc  other  end  of  the  tube  is  branched,  one  branch  extend¬ 
ing'  throug’h  a  stopper  inserted  in  an  inverted  bottle  whicli 
serves  as  an  air  chamber.  The  other  branch  of  the  tube 
extends  to  the  overflow  valve.  In  the  stop[)er  ol  tiu;  air 
chamber  is  inserted  a  sec(md  tube,  which  is  bent  upward 
and  curved  over,  forminj.^  the  riser. 

The  smaller  bottle,  which  serves  as  a  valve  cluvmbe.r,  is 
provided  with  a  stopper  which  receives  the  branch  of  the 
supply  tube  and  an  overflow  tube.  'The  ar-  fkj.  75. 
rani>'emcnt  of  these  tubes  is  shown  in  defail 
at  2,  the  curved  tube  bein^>^  the  overflow, 
the  straii^'ht  one  the  inlet.  'I'o  tlie  inlet  and 
overflow  tubes  is  fitted  a  valve  consisfiuo-  of 
a  metal  ball  or  a  marble.  The  lilting  is  ac- 
complivshed  by  simply  driving'  the  bull  against 
the  end  of  each  t.id)e,  so  as  to  form  valve 
seats.  Four  wires  arc  inserted  in  the  stopper 
around  the  inlet  tube  to  prewent  tlui  esea[)(; 
of  the  valve,  'riie  distauec  which  should 
separate  these  tubes,  as  wc^ll  as  the  weight  of 
the  ball  valve,  is  determined  by  c'xperiment. 

In  the;  air  ehainber  above  the  branch  of 
the  supply  tulx'  is  conliiied  a  ball  valves  by  a 
cage  formed  of  wires  inserted  in  the.  stopper, 
as  shown  at.  3.  'This  valve  is  llttcd  in  the  Vi-.u  uf  Pmir 
manner  already  described.  Uquids. 

The  discharge  tube  extends  above  the  levtd  of  tlu;  reser¬ 
voir.  The  reservoir  and  the  tubes  are  supported  by  wire 
loops  and  standards  inserted  in  a  base;  board. 

Water  flows  from  the  .reservoir  through  the  valve  cham¬ 
ber  and  out  at  the  overflow.  Wlnui  the  velocity  of  the  flow 
is  sufficient  to  carry  the  valve  in  the  valvt;  chamber  u]) 
against  the  end  of  the  curved  overflow  tube,  the  overflow  is 
immediately  checked,  and  the  momentum  accptinul  by  tlie 
water  causes  it  to  continue  to  flow  for  an  instant  into  the 
air  chamber,  compressing  the  air  in  the  i;hamber,  and  cau.s- 
ing  the  water  to  rise  in  the  discharge  tube.  As  soon  jis 
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equilibrium  is  established,  the  valve  in  the  air  chamber 
closes  and  the  valve  in  the  valve  chamber  falls  away  from 
its  seat  on  the  overflow  tube,  allowing  the  water  to  dis¬ 
charge  again,  and  so  on,  this  intermittent  action  continuing 
so  long  as  there  is  water  in  the  reservoir.  The  water  dis¬ 
charged  by  the  riser  is  only  a  fraction  of  that  flowing  out  of 
the  reservoir. 

We  have  already  noticed  (Fig.  66)  that  a  liquid  will  as¬ 
sume  the  same  level  in  communicating  vessels.  The  size 
and  form  of  the  vessels  is  immaterial.  The  smaller  one  may 
be  inclined,  curved,  or  bent  in  any  form  and  the  larger  one 
may  have  any  capacity,  still  the  result  will  be  the  same. 


Fig.  76.  Fig.  77.  Fig.  78. 


Egg  in  Fresh  Water.  Egg  Buoyed  up  by  Egg  in  Equilibrium  he- 

Salt  Water.  tween  two  Liquids  of 

Different  Densities. 


When,  however,  the  vessels  contain  liquids  of  different  den¬ 
sities,  the  level  will  be  no  longer  the  same.  In  such  case 
the  lighter  liquid  will  stand  higher. 

When  several  liquids  of  different  densities  which  do  not 
mix  are  contained  in  the  same  vessel,  there  will  be  stable 
equilibrium  only  when  the  liquids  are  arranged  in  the  orde*' 
of  their  densities,  the  heavier  liquid  being,  of  course,  at  the 
bottom.  This  is ' illustrated  by  the  “vial  of  four  liquids,” 
shown  in  Fig.  75.  A  test  tube  with  a  foot  makes  a  conven¬ 
ient  receptacle  for  the  liquids.  In  the  bottom  of  the  tube  is 
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placed  mcrciiiy.  The  second  liquid  in  order  is  a  sat.urat.ed 
solution  of  carbonate  of  potash  in  water.  The  third  is  ak^o- 
hol,  colored  with  a  little  aniline  red  to  mark  the  division 
of  the  liqidds  more  clearly,  'fhe  fourth  is  kerosene  oil. 
When  these  liquids  are  vshaken  iq),  they  mis  mechanically, 
but  when  the  tube  is  at  rest  the  liquids  (luickly  arran|.^e 
themselves  in  their  original  order. 

The  CKperiincnt  illustrated  in  Fij^s.  76,  77,  and  7S  shows 
the  effects  of  licpiids  of  different  densities.  'I' wo  })int  tum¬ 
blers  or  similar  vessels  are  necessary  for  this  e.xperimenl. 
Half  nil  one  with  water  and  the  other  with  stron^'  brim'. 
Into  the  water  dnip  an  eii;g'.  It  j>'oes  to  the;  bottom  ( Id”'.  7^). 
An  ey!;<;’  drop])ed  into  the  brine  lloats  (Fif;’.  77).  By  care¬ 
fully  ])()urinq’  the  brine  throu^-h  a 
louis^  funnel  or  throu^'h  a.  funnel 
with  an  attached  tube,  which  will 
reach  to  the  bottom  of  the  tumbler 
containin'^'  the  ])ure  wat.er,  the 
water  and  the  will  be  lifted, 
and  the  e^'jj;'  will  float  in  et[uili- 
brium  a.t  the.  middle  of  the  t.umblcr. 

'The  first  expci'iment shows  that 
the  is  a  little  more  denser  than 
pure  water,  the  second  that  brine 

is  more  dense  than  the  cu'u:,  and 
,  ,1  ,  tin;  (-urtc.sian  Diver, 

the  third  that  the  can  be  sup¬ 
ported  in  equilibrium  between  two  licpiids  of  tlillcrciit 
■densities. 

'flic  hydrostatic  toy  known  as  the  dartesian  divc'r  illus¬ 
trates  the  several  cxniditions  of  floating-,  immersion,  and  sus¬ 
pension  in  ccpiilibriiun.  In  a  tall,  slim  ^lass  tube,  closc'd  at 
the  bottom  and  fdlcd  with  water,  is  [ilaced  a  porcelain 
or  p^lass  ri<t:urc  havinf>;  a  f^’lass  bulb  attached  to  its  lu'ud. 
The  j.^lass  bulb  has  a  small  hole  in  the  bottom,  and  is  filled 
partly  with  water  and  jiartly  with  air,  llu;  proportion  of  air 
and  Wi'itcr  beinj^’  such  as  to  just  allow  the  bulb  to  float. 
The  top  of  the  tube  is  closed  by  a  [)iec(^  of  fkwible  rubbt'r 
tied  over  its  mouth,  'fhe  pressure  of  tlie,  fmjj;'t:rs  upon  the 
rubber  communicates  iiressurc  throu^'li  the  water  to  the  air 
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containt'd  by  t:lu‘  bulb,  ('ausin;4  llu'  air  to  oc'ciijiy  l<'ss  spaia* 
and  iiiurt'asin^' I lu'  Nvt‘io-bl  of  till*  bulb  in  projiortion  |o  the 
amount,  of  water  fori'i'd  in.  As  tiie  wc‘i_4'ht  ol  llu'  luilb  iir 
creases  tlu*  diver  (k‘sta*nds,  and  when  tlu'  tin^'er  is  itanovtal 
from  the  clast ic  cover  ol  llu’  lube,  the  air  by  its  owti  elus 
lii'ity  re^uiins  its  normal  volume,  and  the  Irtlb,  beeianin”' 
lifj^bter,  rises  to  the  fo[)  of  the  jar. 
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CHAPTER  VTl. 

(lASKS. 

Gases  arc  elastic  lliiids  in  which  the  molecular  force  of 
repulsion  is  superior  to  the  force  of  attraction.  Expansion, 
the  most  characteristic  })roperty  of  ^‘ascs,  is  due  to  this  force. 
The  limit  of  the  expansive  force  of  u.  is  unknown.  If 
there  were  no  op])osini;'  causes,  it  would  ai)pear  that  the  par¬ 
ticles  of  a  ”'as  mi'>-ht  se])arate  indermitely. 

The  expausive  force  of  the  atmosphere  is  opposed  by  the 
earth’s  attraction;  the  air  is 
thus  in  a  state  of  cciuilihrium. 

The  expansibility  of  air  is 
shown  by  inclosing  a  small 
<iuantity  of  it  at  atmospheric 
l)ressnrc  in  an  elastic  rnbl)er 
balloon,*  and  placing-  the  bal¬ 
loon  in  the  receiver  of  an  air 
])uin}),  then  removing-  the  at¬ 
mospheric  pressure  from  the 
exterior  of  tlie  balloon  by  ex¬ 
hausting  the  receiver,  'riic  air 
in  the  balloon  will  expand,  dis¬ 
tending;-  it  as  shown  in  Fifj;.  80.  ' 

In  foi'iner  experiments 
illustrating-  the  difhision  of 
gases,  it  was  shown  that  car-  o'"  iu  a  Vacuum. 

bonic  acid  gas  was  very  much  heavier  than  nir,  by  ])ouring 
the  gas  from  one  vessel  to  another,  thus  to  a  great  extent 
displacing  the  air  in  the  receiving  vessel,  in  the  .same  man¬ 
ner  as  it  would  be  displaced  by  the  pouring  in  of  a  li()uid. 
In  the  case  of  })ure  hydrogen  or  illuminating  gas,  the  order 

-*•-  I  lu^  small  inllatubU'.  IciUoons  applical  to  the.  toy  scpiawkiT.s,  and  which 
may  bu  l)oii|,''ht  in  any  toy  store  for  throe  {;eiUs,  answer  i)cr('ectly  Cor  this  o»()C' 
rinitmt. 
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<)1  thiiif^s  was  reversed;  /•  i'-,  vessel  i(  \\>is  iui(s- 

sary  l;o  invert  it,  so  that  the  air  ini.^'hl  l)e  disphieeil  bv  the 
risiiii^  of  the  gas,  which  is  so  iniieli  liglitia*  than  an. 

To  show  visibly  that  one  gas  is  hc'avit'r  than  aii  and  iht 
otlicr  lighter,  a  pair  of  balances  may  be*  pi’f'-sed  iiiti* 
service.  If  the  balances  arc*  not  at  hand,  a  juiir  inav  ieadil\ 
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be  made  of  wire,  as  shown  in  the  engravit^g.  All  the  pivot *1 
should  be  made  V-shaped,  to  rediic.-e  the  friction  to  a  mini 
mum.  The  pivot  of  the  beam  should  be  a  little  higher  than 
the  bearing  surface  of  the  hooks  at  the  ends  of  the  bc‘ain, 
The  conical  scale  jjan  may  be  made  of  papc'r,  by  radially 
slitting  a  disk,  overlapping  the  edges,  and  stit:king  them  to 
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p^cthcr.  The  paper  box  for  receiving'  the  g^as  is  live  inches 
ill  each  of  its  dimensions,  and  is  suspended  from  the  scale 
beam  by  a  wire  stirrup,  so  tliat  it  may  he  reversed.  After 
bring-ing-  the  scale  to  ccpiilihrium  in  air  by  jilacing  some 
small  weights  in  the  pan,  the  lur  contained  by  the  liox  may 
be  displaced  b}’'  jiouring  in  carbonic  a.cid  gas.  The  box  will 
immediately  descend,  showing  that  carbonic  acid  gas  is 


Fii:.  82. 


Gas  Whc'd. 


heavier  llian  air.  Allowing  the  wtughl.s  in  the  pan  to  remain 
the  same,  the  paper  box  is  inverted,  when  the  carbonic  acid 
falls  out,  and  air  takes  its  place.  'I'he  balance  hc'am  again 
becomes  horizontal.  Now,  by  o[)cning  a  jar  of  hydrogen 
under  the  box,  tlie  air  is  again  displaced,  this  time,  however, 
by  the  rising  of  the  inflowing  gas.  When  the  greater  por¬ 
tion  of  the  air  is  rejilaced  liy  hydrogen,  the  liox  rises,  sliow- 
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In  Fijj;-.  82  is  shown  n  very  simple  wheel,  to  he  operated 
by  ^'ases.  The  wheel  consists  o!  a  disk  of  lii>-hi;  but  stiff  card 
board,  mounted  between  two  corks  on  a  straij^'ht  knitting- 
needle,  and  provided  around  its  peri[)hery  with  buckets 
formed  of  septares  of  writing-  paper,  attached  to  tlie  [)er- 
iphery  of  the  disk  by  t.wo  adjoining’  edg'cs  so  as  t.o  form  hol¬ 
low  cones,  as  shown.  The  knitting-  needle  is  journaled  in 
wire  or  wooden  standards,  and  lubricated  so  tha.t  it.  may 
tuni  freely.  Carbonic  acid  gas  may  be  geiun-at.ed  in  a 
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Ruhluir  Ft)n:i;<l  luwuril  by  (’.ruslihiK  I''c)rcii  ot  thtt 

Air  I’rirsKiu'i:.  Aliiuisphorc. 

pitcher  and  poured  n[)on  t.lu^  wheel  in  t.hc^  mannei  illus¬ 
trated.  By  making  t he,  wheel  large  enough  and  taindully 
balancing  it,  it  may  be*  tui’iied  b_y  liberating  hydrogen  gas 
under  tin;  mouths  of  the  but:kct.s. 

'I'o  exhibit  SOUK'  of  the  effects  of  atmospheric  ])ressure, 
a.ll  that  is  reepured  besides  an  air  pump,  or  aspirator,  is  a 
large  and  hc;avy  lamp  chininey. 

'Fhc  lamp  chimney  ncH'ds  no  ot  her  prc'paration  for  use 
than  the  insertion  of  a  live-sixteenths  inch  tubt;  in  the 
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atiii()S[)iifiv  lui.s  ii  very  ai)])rL:c;iai)lo  'PIk;  suiik;  fiuM 

may  be  illuKl.i'al.tul  by  (yiu^'  oxau’  the  oi»t'n  end  of  the  c'him- 
iicy  a  thill  ])leee  of  elastie  rubber,  tluai  exhaustinj^  lb'- 
air  from  the  ehimney,  allowiii^'  tlu'  external  air  to  jirt'ss  (lu^ 
rubber  down  into  the  ehiimiey,  as  shown  in  S4. 

'Phe  disruptive  power  of  at.nios[)heric  [iressurc  is  illus¬ 
trated  by  the  rupturiii^'  of  a  thin  piece  of  bladder  liial  over 
the  open  end  of  the  chimney,  as  shown  in 
Fig.  85.  Wlic'ii  tlie  air  is  exhausted  from  the 
chimney,  the  bladdta-,  if  thin  enougli,  will  ’  " 

burst  with  a  loud  rt'jiorl.  If  the  bladder  will  i 

not  readily  bui'st,  the  rupture  may  be  start txl  I 

by  i)niiet.nring  it,  witli  tiie  [mint  of  a  knife.  .k  I 

In  lug.  8b  is  illustrated  a  similar  ex[)eri-  I 

meat,  in  whicli  the  inwardly  [iressed  dia-  I 

l)hragm  is  made  to  raise  a,  weight.  A  jiicee 
of  rubber  elotli  is  tied  over  the  open  end  of 
the  chimney,  and  a  hook  is  fastened  to  its  lilf^ 

center  by  sewing.  The  cloth  is  heavily  I 

coated  with  rubber  cement  around  the  sew-  I 

ing  of  the  hook.  A  weight  is  jilaced  on  the  I 

hook,  and  the  air  is  exhausted  as  before.  'I'he 
upward  jiressnrc;  of  tlu^  atmosjihere  raises  the 
weight.  'Phis  I'xpcriment  illusirati's  the 
action  of  a  form  of  vacuum  brake  now  ex¬ 
tensively  in  use;  the  weight,  rejirt'senting 


'nil';  IlAROMK'I’KU. 


1  he  [U’t'ssure  ol  the;  atmosphere  is  [ilainly  . - 
exhibited  in  the  mmaairial  barometer,  the  sini-  uinu’klppuriol 
I)lest  form  of  which  is  shown  in  lu'g,  87.  bv  Autiosphutir 

It  Consists  of  a  gla.ss  tulie  about  3b  inches  I’f-ssutr. 

in  length,  closed  at  f)ne  end  and  ('omph'tely  liiled  with  mer¬ 
cury,  the  open  mid  being  [ilunged  into  a  vessed  of  mercurv. 
'Phe  column  will  stand  at  a  height  of  about  30  inelu's  above 
till'  level  of  the  mereury  in  the  vessel,  showing  that  the 
[iressnre  of  the  atmosjihere  under  ordinary  circumstances 
is  ecjual  to  that  of  a  eolunm  ol  mercury  of  about  the  heigh.* 


9^ 


K\V\  U1MK\  TAI  M  11  \*  I  . 


^•ivrn.  'I'lif  \vc'it:iit  ol  wiiltT  !•>  lltal  ..i  nuTfui  \  as 

1  {{)  the  n!  a  watfi  t  itluuiii  -.iijijuti  Ual  lt\  ilu- 

at nuisjilicMT  wmiltl  !h*  aiituil  v)  tta*!. 

'riu' Di-ij^'inal  iiuTrurial  fultinm  rs|nTinu-ut  ..t  I’mm  icclli 
was  lolhiwcal  bv  an  {•\ju'rinu-ut  liv  I'astal  u  hit  h  pii»\ctl 
CDiiclusivt'lv  that  llu' sujijHUt  t»l  liic  mritniial  ttihiiuii  was 
(lut*  to  at iiuis|ilu'ric'  prossuri'.  It  inusiNtctl  in  inakiur,  siinul- 
tannous  £)l)sfrvalioi}S  nt  two  bai«iiuf(fi i  an-  situati-ti  at  a 
altitinlc,  tin*  otlinr  at  a  lou  ta  lr\  cl.  It  u  as  tiun.  show  n 
b\‘  the  {h’sccnt  th  flin  nicrcurial  ooluinn,  at  a  hi:<h  fltwa- 
tioii,  that  at nu isplu'i'it  pt fssui t- iiiuuuislu''s  in  j*j t ipoi  t it tu  tn 
the  asreiit. 

\\  IM  MM  \st\  1  \li  IM  \n-. 

The  cn^^Tavini;’  ilhist  rates  an  >Miii  u-nl  au  pump  toi  both 
exlnuistion  aiul  eompressiou,  whit  li  !ua\  br  maih’  lotin  lua 
t iM'ials  et jst  in^’  tnie  thtllar  am !  hit  \  t  out  ami  w  if  h  l ho  o\pt'nt i 
it  lire  t  il  not  more  than  t  v\  o  » n  I  hi  rr  Ijmui  laboi . 

W'it  h  t  his  pump.  { he  enf  ii  e  i  auio'  i»!  i  a  tbnar  i  \  a*  imm  ami 
plenum  e\jieriments  inai  leatlilv  be  peitoimt-tl  b\  tin’  aiti 
(j1  a  lew  well  known  ami  ine\pensi\ e  aifit  if.,  mu  h  a-,  lamp 
ehimneys,  lish  ^'hibes,  a  tumlilet  «»i  ami  pies  e*.  »»!  sheet 
rubber,  bladthu'.  (Me. 

Fi|4.  S8  illustrates  the  mauiuM’  ot  usimt  the  pump.  Ibi^s. 

to  <j.t  inelusive  are  sedional  \iews  »»!  ilir  pump  ami  its 
Vfilves.  h'i^.  shows  a  bum  ot  \aKr  toi  the  >  i uupi rssit m 
pump,  and  h'i^.  (^4  sliovvs  the  applseation  «♦!  a  hint  pedal  t»i 
the  pump.  'I'he  maltMi.ds  retpuied  aie  as  loflows.  A  pita  e 
ol  so-called  pure  rubber  tubini*  I im  he*,  t'vtei n.d  tiiaiuetei, 
I  iueh  iufiM’iial  diameter,  aud  u  im  lies  h»ur.  ,  a  pita  «•  ol  pine 
rubb(M'  tubing  l  iueii  (*\ttM'nal  diamefn,  ^  im  h  iufrinal 
diameliMM  and  5  iiu'Iu’s  lou^  ;  a  pita  e  ol  he.ii  i,  puir  mitber 
lubiu}4  ^  iiu'h  exliMMial  dianuMei  ami  4  l»et  loup,  two  WMttdeu 
valve  east iii^s  I sho WMi  in  l'it».  tf*M;  a  sfiip  *4  the  oihal 

silk,  inch  wide  and  .m  tti  lo  im  hes  losu*  ,  am!  -.Miar  stmit 
threatl. 

I  ht*  pieet*  ot  one  inch  lubbei  tube  i'.  t  ut  liiaipmalh  at  .m 
an^le  til  uliouf  40  ,  s* »  as  to  di’i  ide  it  info  t « .<  stmdai  pir i  es. 
I  he  wauiden  valve  easin|4  is  pitMeta!  loiu' jl udinalU  with  a 


which  the  oiu'-sixtc'ciif h  lioh'  (‘nfers  forms  oik*  valve  seal,, 
and  the  other  forms  the*  other  valve  seat.  'I'he  valvt's  eiu-h 
consist  of  two  thicknesses  of  the  oiled  silk  stri])  str(*.tch(*d 
loosely  over  the  valve  sc*at,  and  seenred  by  the  thread 
w()imd  around  the  wooden  valve  etisin^.  It  will,  of  course,, 
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work  in.  The  beveled  ends  of  llie  nibbcw  tube  are  arruu^’cd 
as  shown  in  the  en^'ravin^-,  and  die.  inner  ends  of  llie 
wooden  valve  casiiij^^'s  are  beveled  lo  correspond,  so  dial 
when  the  larg'C  rubber  lulie  is  [ilaced  on  the  lloor  and 


Vulvt;  lot’  ( •oiuprcssiiJii  rump 

pressed  by  tlu^  foot,  there  will  b('  vi'ry  little  air  space  left 
in  the  puin[).  'l'lu‘  four-foot  rubber  tube  is  attached  to  oiu^ 
end  of  the  {ninij)  for  vacuium  (‘xpc'rinunits,  and  to  Ihc'  oppo¬ 
site  end  for  iilenum  experinuMits.  To  avoid  any  possibility 


■I'lt'iull"  HU'  Air  Pump. 

of  the  stickinij;'  of  the  vtdves,  the  valve  scats  are  rubbed 
over  with  a  very  soft  lead  pencil,  thus  imparting  to  them  a 
slight  coating  of  plumbago,  to  which  the  oiled  silk  will  not 
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adhere.  As  an  elastic  rubber  pump  barrel  of  the  kind  de¬ 
scribed  requires  considerable  pressure  of  the  foot  to  insure 
the  successful  operation  of  the  pump,  it  is  advisable  to  con¬ 
struct  a  treadle  like  that  shown  in  Fig.  94.  It  consists  of 
two  short  boards  hinged  together,  the  lower  one  having  a 
shallow  groove  for  the  reception  of  the  middle  part  of  the 
pump.  The  edges  of  the  upper  board  are  beveled  at  about, 
the  same  angle'  as  the  ends  of  1:1  inch  rubber  tube.  The 
width  of  the  hinged  boards  should  be  somewhat  less  than 
the  length  of  the  chamber  in  the  pump.  A  mark  is  made  on 
the  side  of  the  larger  tube  at  one  end  to  indicate  the  top^ 
the  proper  position  for  the  pump  being  that  shown  in 
Fig.  88. 

The  pressure  of  the  foot  on  the  side  of  the  pump  barrel 
expels  the  air  through  the  discharge  valve,  and  when  the 
barrel  is  released,  its  own  elasticity  causes  it  to  expand,  and 
while  regaining  its  normal  shape  it  draws  the  air  from  any 
vessel  communicating  with  the  suction  valve. 

A  vacuum  sufficient  for  most  of  the  ordinary  experi¬ 
mental  work  may  be  produced  by  means  of  this  pump  in  a 
short  time.  A  gauge  may  be  improvised  by  attaching  the 
suction  pipe  to  a  piece  of  barometer  tube  about  30  inches 
long,  and  dipping  the  end  of  the  tube  in  mercury,  using  a 
yard  measure  as  a  scale,  as  shown  in  Fig.  88.  The  pump- 
will  be  found  to  compare  favorably  with  piston  pumps. 

When  it  is  desired  to  construct  a  pump  of  this  kind  for 
compressing  air  or  for  a  low  vacuum,  the  elastic  tube  form¬ 
ing  the  pump  barrel  may  be  larger  and  thinner,  and  the  hole 
through  the  wooden  valve  casing  may  be  made  larger,  as- 
shown  in  Fig.  93,  and  the  oiled  silk  valve  may  be  replaced 
by  a  simple  rubber  flap  valve,  held  in  place  by  a  single  tack. 

The  fish  globe  forms  the  receiver  of  the  air  pump.  It  is- 
closed  by  the  soft  rubber  disk,  which  is  supported  by  the 
wooden  disk,  the  rubber  being  secured  to  the  wood  by  four 
common  screws  passing  through  the  rubber  into  the  wood, 
about  midway  between  the  center  and  circumference  of  the 
rubber.  Both  the  board  and  the  rubber  are  apertured  to- 
receive  a  five-sixteenths  brass  tube,  provided  with  a  fixed 
collar  at  the  top  of  the  wood,  and  with  a  screw  collar  at  the: 
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inner  end  which  is  turned  down  upon  the  rubber,  c'l:nnpin|j^ 
it  to  the  wood,  and  at  the  same  time  inakinj^'  an  air-tii»iit 
joint  around  the  tube. 

The  suction  tube  of  the  pump  is  applied  to  the  small 
brass  tube,  and  the  soft  rubber  disk  is  pressed  down  uj)on 
the  mouth  of  the  globe,  when  the  operation  of  producing  a 
vacuum  is  begun.  After  a  few  strokes  of  the  pmnp,  the 
cover  will  be  retained  on  the  globe  by  atmo.spheric  pressure, 
and  will  need  no  furtlier  holding  by  the  hand. 

A  great  deal  of  experimental  and  pi'actical  work  may  be. 

Fie.  <j5  Fri;.  1)6. 
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done  wilh  the  simple  air  pump  dt'seribed  in  Ihe  foregoing 
pages.  'The  appai'uliis  required  for  the  vai'uum  eKperi- 
menls  costs  less  than  the  [jump.  It  camsisls  of  a  fish  globe 
6  in.  in  diametc'r,  a  disk  of  Ihiek,  soft  rubber  large  enough 
to  cover  the  fish  globe,  a  [ilain  disk  of  wood  as  large  as  the. 
rubber,  two  3  iu.  [jieees  of  live-sixteenths  iiu;h  brass  Itibiug,  a 
lam[)  chimney  with  a  llange  on  the  lower  end,  a  eork  lit  ting 
the  small  end  of  llu'  t'himney.  a  thin  pieee  of  bladder,  a  thin 
{)ieee  of  v(*ry  elastic  rubber,  a  small  bell,  a  tumblei*,  a  stiudl 
rubber  balloon,  some  sealing  wax,  some  stout  thread,  ami  a 
pieee  of  small  wire. 


I'iXl’KlUMl'.N  TAl.  Si  ir\<  1  . 


I  iu‘  fuel  thal  wuU'r  Ixiils  at  a  lt'ni|ifi al ut  r  iu-li.u  • 
'.vhcai  llu^  aliiiosjilic’ric  pressure  is  reiiKiN  f<!,  i*.  i  sluliitt  tl  f(\ 
placaii^’ a  liiinblerol  Iml,  bul  nnl  lnuliu^.  i\a{r!  in  ifir  ic 
<.’eiver,  as  shown  in  tluai  e\lums(ine.  llir.iii  Inijii  iht 

rtx'eivc'r. 

'Plu'  Ik'II  suspended  in  ilu'  reeviMU'  In  a  iie.lil  *  lasts, 
fubher  band  sli'elehed  across  a  wile  imk.  shank  o 

iusc'iled  in  (lic‘  ltd>e  o(  ihi'  receix'cr  finer,  as  •diMWu  in 
p(>,  may  lie  dislinelly  h('ar<l  wbeii  rtnm’ in  1  he  i «  <  cn  rj  brf.ne 
cxiiaustion.  blit  after  exhausf in-'  f he  leic^hei.  the  bell  ud| 

in-  heal  d  tei  bh  .  i!  ,if  afp 
thus  shnuin;*  that  the  ail 
when  laiehed  j-,  a  pt.tu 
sound  t  uiH bu  till. 

The-  inabiljf\  lairlied 

\  the  air  is  exham.trd, 

i  ■  A  de\  ice  !tn  u-.r  in  t  .»u 

IA.  .  ’’’  /  neetiou  with  the  simph-  an 

‘i'**'**  ^  And 

- r ^  H*movin^  .m  hi.in  mi 

crosrope  tuoiinfs  is  •.h»»wn 
■■  ■  ■■  inhi|4.o^'.  If  *  »»!i‘asfs  of  an 

Drstructiini  uf  Lilt' l.y  Rfnioval  Ut  An.  ordinal  \  liuif  far  luunpi 

soldeted  in  its  i  Mvei  a%ls«nt 
lube,  which  is  adapted  to  receive  the  sm  fi.m  tube,,! 
the  ail-  punifi.  1  lie  objects  to  lit-  tn-ated  aie  |datr«!  tii  tin- 
jar,  the  cover  put  on  and  made  tipdit.  and  tin-  mu  timi  tape 
of  llie  pump  is  applied. 

I  hese  are  most|y  well-known  vacuum  evpri  sinrnP.. 
mlapted  to  the  simplified  apparatus,  ‘rijcie  aie.  of  tuufM-, 

many  others  that  may  bt*  perlormetl  with  et{ual  latilitv  In 
means  of  t  jiis  air  pump. 

W  ith  the  pumj)  anan^-ed  lor  compression,  a  hnip-  mme 

Ijorof  fx|)i,rmu-ntK  ,it  ii  dilTcn'iil  cliararlcr  m;iv  hr  ,,rili,(i„ril, 

A  TOcrvoir  will  hr  nrrdra,  lik,'  lliat  sl,„w„  i„  I  i...  I, 
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€onsivSls  of  a  piece  of  ordinary  leader,  such  as  may  be  pro¬ 
cured  from  any  tinnuiii.  ll.  should  be  3  or  .j.  in.  iu  diaimher 
and  3  or  4  feet;  lonn-.  I  leads  are  soldered  on  the  ends,  and 
all  the  seams  are  made  air  by  soldering,  A  hve-six- 

tcenlhs  inch  lube  is  inserted  in  one  end,  and  another  in  the 


VVithdrawinf(  Air  from  Mics'osi'.opo  Sliiu's. 

side.  'Phe  discluu-ge  end  of  the  ])ii!up  is  connected  with 
oiu' ol  (lie  t.ubes  of  the  resei'voir,  and  a  rubber  (ube,  having' 
at  one  end  a,  one-sixteent h  iiu;h  no/zle  of  nuilal  or  gla.ss,  is 
connected  with  the  other  lubt;  of  the.  reservoir.  The  air 


■Fic,  <)(). 


100 


lOXPl'.RIMKN'rAL  SCUM  I'. 


may  be  conlincd  in  ihc  reservoir  by  thmblin^  the  tlistiiarijo 
tube  or  applying-  to  it  an  ordinary  pineli  (-(u-k.  A  ii^ht 
ball  of  cork  ina)'  be  Hupi)ort,cd  in  the;  air  je't.  while*  (ho  nozzle 
is  held  ill  an  inclined  position,  as  shown  in  h'ig.  pp. 

By  connecting  the  discharge  pii)C  of  the  reservoir  with 
d  si)ool,  in  the  manner  shown  in  h'ig.  the  laniiliar  espe- 
rinicnt  of  sustaining  a  eaiai,  logelher  with  an  attached 
weight,  by  blowing  down  on  the  card  ina\  In*  {H’l'lornicnl. 


Ball  Experiment.  Expromeiit, 


A  pin  })assing  through  the  card  into  tin*  lentral  iiperturr  of 
the  spool  prevents  the  card  from  slipping. 

I'ig.  lor  shows  a  sinijile  wav  of  exhibiting  the  hall 
experiment.  Ihc  ball  is  lield  in  tlie  eoncavity  of  the  spool 
by  blowing  forcibly  outward  against  it. 

In  these  cases  the  air  issues  in  a  thin  sheet,  width 
adheiei  to  and  carries  away  the  air  atljtiining  th«*  uppta 
surface  of  the  ol)jcc:t  sujiporled,  tliereiiy  produc  ing  a  par¬ 
tial  vacuum  into  which  the  object  is  hirced  by  atniospheric 
pressure. 


GASES. 


lOI 


In  Fig.  102  is  shown  an  atomizer  which  may  be  iisc'cl 
in  connection  with  the  reservoir  and  air  comi)i'essor  lor 
atomizing  liquids  for  various  ])ur})0'ses.  In  the  ])resent  case 
it  is  represented  as  an  atomizing  petroleum  burner.  A  bur¬ 
ner  of  this  kind  yields  a  very  intense  heat,  and  produces  a 
flame  2  or  3  ft.  long.  The  oil  in  the  vertical  tube  adheres 
to  the  air  forced  through  the  lundzontal  tube  and  is  carried 


Fig.  102. 
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forward  with  llie  air  in  the  form  of  line  spray,  which  rc;adily 
burns  as  it  is  ejc'c;ted  from  the  nozzle,  'rhe  vammm  formed 
in  the  vertical  tube  is  supplied  by  oil  fonx'd  up  by  atino- 
S])herie  pressure. 

ASl'IKA'I’ORS  1A)R  LABORATORY  LSI'.. 

WherevcM'  a  head  of  water  of  ten  feet  or  more  is  avail- 
abl(‘,  an  aspirator  is  by  far  the  most  c'onvenitmt  instrument 
lor  producang  a  vacuum  for  liltration  and  fractional  distilla¬ 
tion.  It  is  also  adapted  to  a  wide  I’ange  of  phvsic:al  experi¬ 
ments. 

Ilesides  the  advanlagtmif  t'onveniimce  and  coinpiictne.ss, 
the  aspirator  has  the  further  advantage  ovt'r  piston  air 
pumps  in  the  matter  of  cost.  It,  may  be  had  at.  prices 
varying  from  $1.50  to  $.1.  or  $5. 
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I'wo  kimls  urt'  in  use*  uiu*  itl  ^^lass,  kiuiwu  as 

Bunsen’s  lilItT  [)\uu}),  and  sliDU  n  in  Id^s.  m;  anil  lo.j;  the 
other  t)l  brass,  sbown  in  Id^s.  Ict,  n >0.  and  n 

d'lu;  ^’lass  aspiratin’  ean  be  purebasi'd  n!  alninst  an\'  dealei 
in  drui^’j;‘is(s’  sundries  nr  ebeniieal  glassware.  \n\  I'sptnt 
^’lass  blower  can  make  it  in  a  shin  f  time, 

'Phis  iiist niineni  consists  ul  an  eluni'.ited  Indii  tei  niin.st  in;-, 
in  :i  crooked  lidie  a!  the-  but  tom  anil  ha  vine,  a  tapm  im;  no//le 


l-'ii;.  it-a.  la*  iiij. 
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insei  led  in  the  t op  and  u  elded  I  be  !  - lu  ri  n  nd  ol  (hr  n* i//ir 
is  located  diteeth  opposite  and  ne.o  ilir  i  tooked  d!*.»  h,oae 
tube.  .A  side  tube  is  1  onnrt  led  uifli  the  lailij  al  a  pomf 
near  the  iiincfion  ol  the  no//le  and  Inilb. 

I  his  aspit.jto!  is  Used  in  the  maiiiie!  indieaterf  m  he*,  i  |. 
/.  t the  up  \\  a  i  d  e  \  t  ensii  at  of  the  uo//le  i  »  {  oniu  1  fed  i!  b  a 
t:ip  liv  a  short  piece  ol  itibbei  tuliim.'.  aiui  tin-  ide  fuhi  e- 
conneetrd  In- a  j»ie»  e  ol  lubbri  Inbiiie  u  it  li  f  be  %  e  .%«  I  f o  be 
exhausted,  \\  heii  the  uaba  ts  allowed  t-i  llou  (hiouidi  the 
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aspirator,  it  Icajjs  aci'OvSS  the  space  between  live  iio/zle  and 
dischai'ge  tube  and  carries  with  it  by  adhesion  the  air 
from  the  hulb,  which  is  continually  replaced  by  air  li'oin 
the  vessel  bein^  cx'hausted. 

It  is  nccessaiy  to  securely  fasten  the  ends  ol  tin;  rubber 
tube  connected  with  the  tap,  or  the  water  ])ressure  uiay  lor(;e 
it  off,  thus  causing'  the  breaking'  of  llu;  instrument,  d’o 
secure  the  best  effects  with  this  pump,  it  is  necc'ssai'v  to 
connect  a  vertical  tube  25  to  30  feet  long  with  tlie  tlischarge 
end  of  the  pump. 

'Flic  metallic  aspirator  sliown  in  logs.  105,  lod,  and  107  is 
ol  course  free  from  all  danger  of  being  broken  in  use,  and  it. 
has  other  c|ualities  which  render  it 
superior  to  the  glass  instniiuenl,  one 
of  which  is  a  much  higher  enicicncy, 
another  is  its  ability  to  retain  the  va¬ 
cuum  should  t  he  How  of  water  la^  ac¬ 
cidentally  or  pur])oselv  (lisca)nl inued. 

It  can  be  screwed  dinadly  on  the 
water  tap,,  and  needs  no  additional 
})i[)e  to  caur.(^  it  to  work  uj)  to  its  full 
ca])acity;  and  where  a  head  of  wak'r 
is  not  availal)le,  it  may  be  in.sc'rted  in 
a  siphon  having  a  vertical  height  of 
leu  fc'td.  or  more. 

'I'his  inslrnment  is  known  as  the 
C'hapman  aspirator.  Like  all  insti'u- 
ments  ol  its  class,  it  is  based  on  the  [irinciple  of  the  (lilTard 
injc'ctor.  H'he  const  met  ion  ol  the  aspirator  is  shown  in 
.section  in  I'ig.  105.  'The  water  irnttu's  at  A,  as  indicati'd  b\ 
the  arrow.  'Flic  air  enters  at  L,  and  both  air  and  water 
are  di.st:harged  at  C'.  'I'lu'  watca’  in  going  through  tin' 
coiit I'aded  passage  loi'ins  a  vacnuni  at  the  nairoNvcr  pait 
into  wdiicli  the  air  enters.  Flic  starting  n|  the  iiistiuinent 
is  lacilitated  by  a  iliapliragni  which  hall  closes  t  he  «lisi:liai  gc 
tube.  'Flic  water  is  [ii'eventcd  li'om  entering  t  he  air  piju-  by 
a  small  ( ]u*ck  \‘alve  shown  in  tin*  interior  ol  t  he  lateral  lube. 
Much  of  the  ellicii'in-y  o{  this  instrument  is  due  to  tin- 
ac('uracy  wit h  which  the  contracted  passage  is  foinied.  A 
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slii^iit  oluiiiLi.’t‘  ill  llu'  sIiajH'  nI  iIun  sci  ioush  attnis 

the  results. 

The  vaeuuiu  proiiiu'etl  iiv  i liis  a '['ii .0' u  i*'  <  <}ual  o*  that 
oflluMiiereurial  hanunt'ler.  less  tie-  ti-nsii.UMl  atjueoUN  \  a»H  a  . 

Phat  is  to  sav,  when  the'  liaroineter  i-*  at  ;» >  iuelu's,  iUe 
\'ac'uiiin  [irodneed  lo  the  aspii’alor  will  he  ahcuit  -sd.  im  ues, 
Sueli  a  N'aetiuiii  eaii  hi*  jti'odiu’ed  h\  wati'i  utidei  a  juessuie 
of  livt'  and  one-hall  poiiiuls. 

In  h'ii;-.  lof*  is  shown  the  aspirator  applieil  to  a  (»eissler 


tube.  It  (juiekly  enhausts  ait  S  ineh  tuhr,  so  that  the  «lts« 
eharn.’i'  th  an  intlurtion  eoil  will  rt'udilv  pass  throii|*h,  U\ 
plaein^'  a  tee  in  the  eonneetin|4'  pip<*.  the  (h-issler  ftthc*  tan 
lie  tilled  with  dilfei'ent  |4'ases.  h.aeh  will  exhibit  its  pet  tihar 
color  as  the  spark  passes.  The  vaeuuiu  is  inu  hi^»^h  eiioui^h 
for  a  jierfected  (Jeissler  tube,  hut  it  is  sulht'ten!  hu  the 
Ijireater  part  of  vaeuuui  expt*rinseiits.  Tlu*  aspirator  eaii  he 
arranj4;ed  to  produce  a  eontinuous  blast  sutlieieiit  foi  tlie 


CASKS. 


105 


■(,)pcral.i()ii  of  a  blowpipe,  and  for  other  ust's  rccpuniiij,-  a 
nuxlerate  aniouid  ol  air  or  ^'as  iiiuU'r  prc'ssiirt*. 

The  method  of  ut;eomplishiii[>-  this  is  illuslraUxl  in  I'ifj;-. 
107.  The  instrument  is  arran^'t'cl  to  dlsc:luir^-e  into  a  bottle 
or  other  vessel  having-  an  oveiilow,  and  the  air  for  the  blast 
is  taken  out  throui;-h  the  an^ded  lube  inserttal  in  tlu;  s(t)pi)er 
of  the  bottle.  The  amount  of  air  pressure  is  ref^ulatud  by 
the  water  pressure  and  the  hei^Tt  of  the  oveiilow  pipe. 

For  many  vaenum  c'xjierimeuts  a.  ])late  provided  witu  a 
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ctadral  aperture,  and  haviuf^  a  tube  extcmcHniy'  from  the 
apeiiiirt'  to  iht^  ed^e  of  the  plate*,  will  be  found  usebd.  The 
tube  is  provided  with  a  suitable  valve,  whitii  closes  eomnui- 
nic'atiou  with  the  aspiratin',  and  which  also  serv'es  to  admit 
.'ur,  when  reipdred,  to  the  receivei*  titt(‘<l  to  tin*  plate.  'I'his 
plate  and  various  accessories  are  like  tin*  plate  and  uca-es- 
soiies  ol  a  piston  air  pump.  Communication  is  I'stablished 
between  the  lube  ol  the  plate  and  the  aspirator  bv  means  of 
a  pure  rubber  tube,  which  is  [iraciic.allv  air  lii;ld. 
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Althoiig-h  (.he  V'acuuiii  apiuiratus  aioMtiv 

very  simpUvil;  is  (|uit(>  pi-;u‘lifai)]<-  (..pfilmaj  main  c-xpmi 

inciKs  of  lliis  class  hy  usiiii^'  (In'  m.iuth  as  .m  aii  pump.  tluj.. 
chsiiciisiiiii- almost,  entirely  with  im-eh.miMm  Plu-  ..priafi.-u 
<j1' producing- a  paiTial  vai'uum  taeiiitated  In  « auplnviu'- 
valve  such  as  is  shown  in  the  lelt  hami  imuo-  i.:  j  j..  ; 

I  his  valve  consists  of  a  thick  tulx-  ..i  i.tni  vn.i.i,  havii,;'  ,'t 
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pressure  (jl  (he  extcmnal  air  u  ill  ,  an  ...  i 
f^'Iass  (uhe  (.iirongP  {1,^.  j,., 
obvious  fl.ul:  Miuuy  of 
tlied  in  a.  Siinilai*  \va\', 

A.VCIK.vr  INVKN-tion..,  ,,i-,  h,,,.  ; 

iVh)K.  lhau  (wo  thousauf}  ,j  . 

a  ].hilosopher  ami  mathmuafic  iau  ' 
the  fountain  shown  in  tlm  mmrv, . 


Ihuo  (d  .dt.uif  li_ 

t  hir  end  of  tin-  (ul,.-  j 

(  MI  {  m'atrd  f.  ,  »  IV  r 

ruliftf  !  ]>ipi  ,  and  ov  n  ih- 
Mth.  I  .  m!  i  .  li,  d  a  \  .dv . 
Ml  cla'.tir  luhhfT.  |J\ 
('onnrt  liij;,  j  p  }  ,,  ^ 

U  ilh  .1  -fi.pp*  i|  fiiOr 

l'\  inram.  a  fh"ds.|r 
I  uld »r}'  p!p»  am !  ,i  f 
iu  ?!ir  JU  a  Ii  n  .  I 

‘•liMU  It,  .tir  I  fh>  n  •  u.  Lise* 
tin  an  thsufse'lj  the  v.jivi' 
a  palti  s!  V  -eins  mav  !*. 
*Jl!uid\  1..!!,..!  i;,  Pi, 

(id  ir.  I  h/  •  \  '«  mmi  a  ;H 
ii‘  f  rfajm  d  !o  lla-  v  ilv  .  , 

M  1  f  h.sf  u  hru  I  !i,'  V  ,,U  ,  j 
dj  '  *  'lej'  ■*  t  f  ‘  i  : ;  ( »iu  f '  ■  - .  f 

f  ufii  .  w  iuh-  If,,.  Pjf  I,  .  J  _ 

{!  J1 !  J 1  <  I  rtf  •  j  J  t'i  af  *  !  ,  I  i  sr 
i  '  iff!  'A  iff  ?  I  .  .  1  1  1  .  »  i , . . 


I!  I  fin 


il'  !  !•.  <  tiU  s  f|,r 

'  '  •<  u  am t am.  1 1  ■ 

I  '»'J  nsu'is!  .  l3S,t  X  -r. 


f  f<  J .  *  .  .1  U<  M  (!i .. 

M*  \,Uid.?  J  !,  |5n  ;jI<  d 


ClASES. 


Fia,  T.  lOi 


io8 


KXPKRIMKN  I'M.  Si'lKM'K. 


because  oi  its  antiquity,  as  well  as  its  sunplirit v  aii.l  r.un 
plcteness,  is  very  interesting;  and  instnntise. 

As  represented  in  the  en.q-ravin-.  it  niav  l)e  classed  u  ilh 
toys,  or  at  most  rcii^ardod  as  only  an  appaiatus  lt>i  ilhisf  i  atin,^ 
a  scicntitic  principle ;  but  it  is  inort*  than  tins.  It  is  tin  jun 
l^^'cnitor  of  a  niiinbe.r  of  inotUu'n  inventions  hu  taisin|4  uatc  t 
•and  producing  air  pressure. 

The  curious  feature  of  the  a[)i)aratus  is  that  it  appatenth 
causes  the  water  to  rise  aboNU'  its  own  levtd  bv  its  own  pies 
sure,  but  such  is  not  the  case.  Its  achion  is  due  to  the  ttans 
fercnce  of  the  pressure  of  one  c'ohuun  ol  wattn  tt»  .uiothrr 
column  of  water  at  a.  higher  level,  through  the  nualiuiu  ot  a 
column  of  confmed  air.  It  is  as  truly  a  ease  nt  the  apphi  .i 
tion  of  external  power  as  it  wouhl  he  il  a  steam  ,dt  etmiptes. 
sor  were  applied. 

The  water  to  be  elevated  is  eont.ainecl  tiy  the  uppei  bulb, 
which  communicates  at  its  lower  side  with  the  tiumtain 
nozzle,  and  at  its  iq)}K'r  side  with  tlu’  dowuu.utlh  tuned 
tube  connecting'  with  the  top  ol  tlu’  hover  bulb.  A  tube 
connecting  with  the  lowt'r  side  ot  tlu'  low  ei  bulls  c\}rnds 
upward  to  the  level  of  the  upper  bulb,  and  teinunates  m  a 
Haring  cup. 

The  upper  bulb  havin^jf  been  tilled  with  uafn  and  the 
lower  bulb  with  air,  the  fountain  is  starietl  bv  pomuip  .i 
small  quantity  of  water  into  the  eup,  whieli  b\  Ilow  tu^  dow  ti 
ward  tliroug'h  tlic  tube  coiiiu'eted  with  the  eup  e\ril%  a 
pressure  on  the  air  contaimal  hy  the  lower  bulb.  Idas  pte% 
sure  is  equal  to  the  wei^'ht  ol  (he  ctiluiun  ut  water  in  the 
tube.  The  airpre.ssure  thus  created  is  tiaiisterred  to  the  top 
of  the  iq)pcr  bulb  by  the  air  column  risini;'  Itum  the  lown 
bulb  thrmig'h  the  tube  connect iuji;'  the  two  bulbs,  su  that  the 
pressure  of  the  water  column  desceiidinf;'  from  (he  t  up.  less 
a  very  small  allowance  for  friction,  is  effective  in  loitmq 
the  water  out  of  the  upper  hnlh  thnmgii  the  ftumtain  uo//lr. 

The  proper  inclination  of  (l\e  apparatus  dit  n  ts  the  watei 
jet  so  that  the  water  falls  into  the  eup  and  replaces  the  watei 
used  in  creating  the  air  pre.ssure  in  the  Inwr-r  bullc 

When  the  lower  bull)  is  lilled  will)  water,  and  tfte  wain 
has  been  entirely  discharf^cd  from  the  upper  ludh.  the  a»  f  u.u 
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of  the  apparatus  ceases;  but  it  may  be  again  started  by 
inverting  the  fountain,  allowing  the  water  in  the  air  bulb  to 
run  into  the  upper  or  water  bulb,  then  righting  it  and  again 
pouring  a  little  water  into  the  cup. 

This  device  was  employed  during  the  last  century  for 
elevating  water  in  the  mines  of  Hungary. 

In  Fig.  Ill  is  shown  an  interesting  modification  of  Hero’s 
fountain.  The  apparatus  is  made  of  glass,  to  illustrate  the 
principle  on  which  it  operates.  It  consists  of  a  volute  coil 
of  tubing  connected  at  its  center  with  a  hollow  shaft  that 
communicates  with  a  hollow  journal  box,  from  which  a  stand¬ 
pipe  rises.  When  this  coil  is  turned  in  the  direction  indi¬ 
cated  by  the  arrow,  water  and  air  assume  in  the  coiled  tube 
])ositions  relative  to  each  other  as  shown  in  the  engraving; 
the  water  being  arranged  in  a  scries  of  curved  columns  on 
one  side  of  the  center  of  the  wheel,  the  air  being  corre¬ 
spondingly  dis])osed  on  the  opposite  side  of  the  center.  Tl\c 
lieight  to  which  the  water  will  be  raised  by  this  machine  is 
etjiial  to  the  sum  of  the  heights  above  their  upwardly  curved 
lower  ends  of  all  the  curved  columns  of  water  contained  by 
llu'  coil.  1(  will  be  noticed  that  the  pressure  of  one  curved 
column  of  water  in  tlie  coil  is  communicated  to  the  next 
i  ll  rough  the  intervening  air,  which  weighs  practically 
nothing. 

'Phis  machine  was  invented  by  Wirtz,  of  Zurich,  in  1746. 

“  In  1784  a  machine  of  tliis  kind  was  made  at  Arch- 
angi'lsky  (hat  raised  a  hogshead  of  water  in  a  minute  to  an 
.elevation  of  74  feet,  and  through  a  piiie  760  feet  long,” 

INKRTIA  OK  AIR. 

Altliough  air  is  a  light  and  extremcl}?’  mobile  fluid,  it  has. 
siillicient  inertia  to  permit  of  the  flight  of  birds,  the  opera¬ 
tion  of  windmills,  and  the  iiropulsion  of  sailing  vessels.  The 
aerial  fop  shown  in  Fig.  112  is  dependent  upon  the  inertia 
of  (he  air.  'Phis  toji  is  simply  a  metallic  screw  wheel, 
aclapted  to  be  revolved  by  means  of  a  string  in  the  same 
manner  as  an  ortUnary  top. 

With  the  application  of  a  sufficient  amount  of  force,  this 
top  will  rise  to  a  height  of  150  to  200  feet.  It  can  hardly  be 
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called  a  flying  machine,  as  it  does  not  carry  its  own  motive 
power.  In  the  next  illustration,  however,  is  shown  a  flying 
machine  which  in  one  sense  carries  its  own  power,  that  is, 
stored  power. 

It  consists  of  a  light  frame  furnished  at  one  end  with  a 
slender  rattan  bow  inclosed  in  a  little  Fig.  112. 

bag  of  tissue  paper,  which  forms  a  sort 
of  rudder  when  the  fly-fly  ascends,  and 
opens  like  an  umbrella  when  it  descends, 
forming  a  parachute,  which  greatly  re¬ 
tards  the  fall.  In  the  crosspiece  of  the 
opposite  end  is  journaled  a  little  shaft 
formed  of  a  wire  having  on  its  inner  end 
a  loop  receiving  a  number  of  rubber 
bands,  which  are  fastened  to  the  opposite 
end  of  the  frame.  To  the  outer  end  of 
the  little  shaft  is  secured  a  piece  of  cork,  Aerial  Top. 

in  which  are  inserted  two  feathers  inclined  at  an  angle  with 
the  plane  of  the  shaft’s  .rotation,  and  oppositely  arranged 
with  respect  to  each  other. 

By  turning  the  propeller  wheel  thus  formed,  the  rubber 
Fig.  1 13.  bands  are  twisted,  and  sufficient  power 

is  stored  in  them  to  turn  the  propeller 
wheel  in  the  direction  opposite  to  that 
required  for  winding,  and  thus  propel 
the  device  through  the  air. 

Another  device  still  more  nearly  ap¬ 
proaching  the  ideal  flying  machine  is 
shown  in  the  annexed  cut,  Fig.  1 14  being 
a  perspective  view  of  the  entire  bird, 
and  Fig.  1 14^  an  enlarged  perspective 
view  of  the  working  parts.  It  is  known 

The  Fly-Fly.  as  Peiiaud’s  mechanical  bird. 

It  is  a  pretty  toy,  imitating  the  flight  of  a  bird  very  well 
indeed.  It  soars  for  a  few  seconds,  and  then  requires 
rewinding.  Two  Y-shaped  standards  secured  to  the  rod 
forming  the  backbone  of  the  apparatus  support  at  their 
upper  ends  two  wires,  upon  which  are  pivoted  two  wings 
formed  of  light  silk.  The  wings  are  provided  with  light 
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stays,  and  arc  connected  at  their  huu'r  eurinn's  with  the- 
backbone  by  tlireads.  In  the  V-shaited  stainhirtls  is  joui 
nalccl  a  wire  crank  shaft  earryin*^  at  its  lorwurd  entla  traus^ 
verse  wire  forming  a  sort  of  balance,  aiul  stow  in^  also  .i^  a 
key  for  wnnclin.e;-.  'I'he  inner  end  of  the  c'rank  shatt  is  juti. 
vided  with  a  loop  to  wliieh  art'  attached  rubber  b.inds  which 
arc  also  secured  to  a  post  near  the  rear  end  <»t  the  appai.Uus. 
Two  connecting  rods  placed  on  the  crank  arc  pivotally  ( nn 
nected  with  the  shorter  arms  ot  the  levc*rs  ut  tlu'  wiiup,. 
The  rear  end  of  the  backbone  is  provided  with  a  nnlder. 
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The  rubber  bands  are  twisted  Ijy  turning  the  slusft  In 
means  of  the  cross  wire.  When  the  shaft  is  iclrasrd,  if  is 
turned  by  the  rubber  bands  in  a  reverse  dtnaiion,  caitsitii^ 
the  crank  to  oscillate  the  win^s,  whii’li  beat  the  aii  in  a 
natural  manner,  and  propel  the  device  ftnnvard.  'Ute  prin 
ciplc  of  the  inclined  plane  is  involved  here.  Intf  the  plane, 
instead  of  being  rotated,  as  in  all  the  cases  mculitmed  above, 
is  reciprocated. 

The  toy  boomerang,  which  is,  in  some  rej4pecis.  sifnilai 
to  the  regular  article,  cannot  jicrform  all  the  feats  with 
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which  the  more  pretentious  implement  is  credited  ;  but  it 
can  be  projected,  and  made  to  return  over  nearly  the  same 
path. 

The  toj^  boomerang  is  made  of  a  piece  ol  tough  card¬ 
board  cut  on  a  parabolic  curve  as  shown  in  the  engraving, 
one  arm  of  the  boomerang  being  a  little  longer  than  the 
other.  When  laid  on  an  inclined  surface,  as  shown  in  the 
engraving,  and  snapped  by  a  pencil  held  hrmly  in  one  hand 
and  drawn  back  and  released  by  the  lingers  of  the  othcr 
hand,  the  boomerang  is  set  in  rapid  rotation  by  the  blow, 
and  is  at  the  same  time  „  ^  _ 

projected,  the  first  part  of  . .  , 

the  trajcctoj-y  being  practi- 
call}'’  in  the  continuation  of 
t  h  c  plane  in  which  the 
boomerang  is  started;  but 
when  the  momentum  which 
carries  it  forward  is  ex¬ 
hausted,  the  boomerang  still 
revolves,  and  maintains  its 
plane  of  rotation,  so  that 
when  it  begins  to  fall,  in¬ 
stead  of  describing  the  same 
trajectory  as  ordinary  jiro- 
jcctilcs,  it  ihakes  a  circuit 
to  one  side  and  comes  back 

toward  the  i)oint  of  start- 

rp,  n  ,  Boomnrang. 

lug.  .Lhe  llatness  or  curv¬ 
ature  of  the  boomerang  and  tlie  form  of  its  edges,  as 
well  as  the  ].>ositiou  in  which  it  is  j)laccd  for  starting,  and 
the  speed  and  manner  of  starting,  all  have  an  effect  in 
determining  the  outward  as  well  as  the  return  course  of 
the  projectile. 


■,  '•.-S  .«  ,*  ■  *' 
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VORTEX  MOTION. 

Every  one  has  noticed  the  symmetrical  wreaths  of  smoke 
and  steam  occasionally  projected  high  into  the  air  on  a  still 
day  by  a  locomotive;  similar  rings  may  often  be  noticed 
after  the  ftring  of  a  gun.  It  is  not  uncommon  to  see  a 
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smoker  forming  such  wreaths  with  his  mouth.  These  ring^ 
are  simply  whirling  masses  of  air  revolving  upon  axes  curved 
in  annular  form,  the  smoke  serving  to  mark  the  projected 
and  whirling  body  of  air,  thus  distinguishing  it  from  the 
surrounding  atmosphere.  The  whirls  would  exist  without 
the  smoke,  but  they  would,  of  course,  be  invisible. 


Fig.  1 16. 


Vortex  Rings. 


All  the  apparatus  needed  for  producing  vortex  rings  at 
will  is  an  ordinary  pasteboard  hat  box,  having  a  circular  hole 
of  4  or  5  inches  diameter  in  the  cover.  Two  pads  of  blot¬ 
ting  paper  are  prepared,  each  consisting  of  six  or  eight 
pieces.  Upon  one  pad  is  poured  a  small  quantity  of  muriatic 
acid  and  upon  the  other  a  similar  quantity  of  strong  aqua 
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amnKJiiia.  These  pads  arc  placed  in  the  box  and  immediately 
a  white  cloud  is  formed,  which  consists  of  particles  of  chlor¬ 
ide  of  ammonium  so  minute  as  to  float  in  the  air. 

By  smartly  tappinj^  ()[)posite  .sides  of  the  box,  a  puff  of 
air  is  sent  throui^h  the  circular  opening;  of  the  cover,  carry¬ 
ing  with  it  .some  of  the  chloride  of  ammonium.  The  friction 
of  the  air  ai>-ainst  the  edges  of  the  cover  retards  the  outer 
portion  of  the  projected  air  column,  while  the  inner  portion 
passes  freely  throiig'h,  thus  im[)arting‘  a  rotary  motion  to  the 
bod}'-  of  air  adjoining-  the  edge  of  the  cover,  the  axis  of 
revolution  being*  annular.  After  the  ring*  is  detached,  (he 
central  portion  of  the  air  column  continues  to  jiass  t.hroivg'ii 
it,  tluis  inaintainiug*  the  rotary  motion. 

When  two  ring's  are  projected  in  siicce.ssion  in  such  a 
manner  as  to  cau.se  one  to  collide  with  the  other,  they  behave 
much  like  elastic  .solid  bodies.  By  making*  the  aperture  in 
the  box  cover  elliptical,  the  rings  will  acquire  a  vibratory 
mol.ion. 

By  fastening  the  box  cover  loosely  at  the  corners,  the 
box  may  be  turnetl  upon  i1:.s  side  and  rings  may  be  projected 
horizonluilly. 

It  is  obvioiKs,  that  smoke  may  be  used  in  this  experimeut 
in  lieu  of  the  cliloride  of  ammonium. 


KXI’KRI.Ml'lNTAK  St  ll'.N*  I  • 


1  l6 


c’UArTi-K  \'m. 

M  irxh. 

The  vSiiulcnt,  (>1  at;()usties  need  nnt  imi  hr\nUf!  Ilir 
of  toys  for  much  of  his  cxpcrimctital  ap{ui  alU'-.  I  lu'  ^.uimun 

toy  nui'Xical  iust  runu'uts  arc  capalilc  « it  ilhmti ati»u*,  main  ot 

the  phenomena  of  sound  v«'rv  satislai  ,  ii  md  tpiitr  as 

well  as  some  of  the  mort'  prclciilinus  appai.ituN, 

Sound  is  a  sensation  of  (he  c-ai.  anrl  1%  pn.dmrd  In 

sniie  n  oUN  \  if  *1  at  ions  m!  t  iir  aij , 
It  ina\  In*  in  flir  natuio  i<l  a 
mete  noisr,  tlm-  to  it  tf  odat 
vilualious,  like  tiu'  liossr  1 4  a 
waitou  oil  the  sfnai,  oj  it  nia\ 
In*  a  shai  p  i  i  at  k  « *1  r  \ |  «i«  f.ion, 
like  (lie  t  tat  kin:<  t«l  a  u  hip  mi 
like  (he  s<  <u  in  i  pi » ti  I  in  r*  i  in 
(he  t  ollisiuli  of  sthid  i»ot|n-s, 
Idle  i  la|  »j  *ei  s,  « *1  1  »*  «si«‘s,  w  if  h 
udiit  h  all  l»o\s  aie  l.imdi.ij ,  .lit- 
an  example  t’»!  atlas*.  •»(  iMt,*, 
width  tieafe  sttuinl  io  ton 
eussiitu,  ainl  (he  mu  «  rsMon  <«! 
St  lUUils  pi  otiiu  et!  In  file  «  lap 
pets  ate  III  ei*  iiku  .  an*  I  »  l«-ai  l\ 
dis(im  (  tiom  innsn  al  sounds 
A  sui  t  essimi  t»l  mu  h  somuls, 
altdiou^h  oc:c,airriuj4'  wi(li  t'ousiderahle  (leipteiu  i.  an»f  priln  ( 
regularity,  will  not  heeoine  musical  until  ma«lr  ^mlli  sulli 
cient  rapidity  to  brinjj^  them  within  the  pen  rption  ol  tin* 
car  as  a  practically  continuous  souiul,  d die  tattle.  «»i  i  i  i*  ket. 
produces  a  rejjfular  but  unuiustt  al  suimel. 

The  wooden  springs  o(  thet  iii  kef  snap  liotn  one  i.ili  lirt 
tooth  to  another,  as  tlie  body  ot  tlie  ei  icket  is  r.iptdiv  swiin^ 
around,  makinf^  a  series  of  re|4;idar  taps,  wldtdt,  taken  all 
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together,  make  a  terrific  noise,  having  none  of  the  character¬ 
istics  of  musical  sounds.  That  a  musical  sound  may  be 
made  by  a  scries  of  taps  is 
illustrated  by  the  buzz,  a  toy 
consisting  of  a  disk  of  tin 
having  notched  edges  and 
provided  with  two  holes  on 
diametrically  opposite  sides 
of  the  center,  and  furnished 
with  an  endless  cord  passing 
through  the  holes.  The 
disk  is  rotated  by  pulling 
in  opposite  directions  on  the 
twisted  endless  cord,  allow¬ 
ing  the  disk  to  twist  the 
■cord  in  the  reverse  direc¬ 
tion,  then  again  pulling  the 
cord,  and  so  on. 

If,  while  the  disk  is  re- 


Thc  Cricket,  or  UiiUle. 


Fui.  119. 


volving  rapidly,  its  periphery  is  brought  into  light  contact 
with  the  edge  of  a  piece  of  paper,  the  successive  taps  of  the 

teeth  of  the  disk  up¬ 
on  tlie  paper  [iro- 
duce  a  shrill  musical 
sound,  which  varies 
in  pitch  according  to 
the  speed  of  the  disk. 
Such  a  disk  mounted 
on  a  shaft  and  re¬ 
volved  rapidly  is 
known  as  Savart’s 
wheel.-^ 

It  is  ascertained 
by  these  experi¬ 
ments  that  regular 
'I'lu!  jjuz/..  vibrations  of  sulh- 

cient  frccpiency  produce  musical  sounds,  and  that  concus¬ 
sions,  irregular  vibrations,  and  regular  vibrations  having 

chaplcr  on  experiments  with  the  scientific  top. 
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slow  rult*.  [ifodlUH*  t»ul\  (titlsrs.  ll  has  tii'tri  jiiiiu-d 

ihalllu' lowost  iidlf  a[ii‘!Ciialtlf  l'\  tlirr.ii  i.  [u<><lt!i  d 
sixli't'U  fuinplrtr  \  dn  at  i*  Hi’s  jn-i  stHMU«daU‘l  fin'  lit‘du**a  li\ 
24,tX)o  coniplflc  vihralitui^  pea  se  t  iunl, 

vnui  \  t'lNi.  1  » »l  '**. 

'I'ht'  /'.vlopluiiu-  and  nu'talinphi »ni'  at  r  c-x.iiiiph-*.  <•!  nmsiral 
inslnimcnls  ('iiiplovin.i;  lif*'  \  liitatini*  MippHiffti  a! 

tlicir  nodes.  The  /\  lophom*  e  ou-d-.ls  ot  a  srlirsn!  Uunde-ti 

rods  of  dilfei'ent  letii’ t  in.,  hot  «’d  I  j  aiisvri  seh  ‘‘f  {Inti  iiodrs, 

or  pttiuis  of  least  vihrafinn,  and  '..tinn::  f*i.*ri|sr!  lui  itud*.. 
'idle  instrntnenl  ma\  eitliei  he  ‘ae.pendrd  In  tin-  i.ud*.  .i| 


klid  U]Kni  loosely  I  wistrd  I  Olds  ntnalrd  a!  tbr  liiaif*.  H\ 
passing  the  small  sphriiial  ««tMdrn  usalh  f  at  i  MUipam  m*’ 
ihc'  instrument  ovei  the  vttuiiffii  ituh,.  \  fi  \  hi|ind 

mnsieal  tones  ate  piotlmed  m  its*  \i!»iali*»n  t.i  the  i.nh,, 
and  when  the  tods  ate  sti  m  k  In  fin-  mallrl  ifjtn  i  seld  f* air*, 
whieh  are  very  pine,  hnt  mft  pioI» tm^rd, 

I  he  elu'aper  h )t  ms  of  /\ ittp|}«Jiir  an  lim»  »i  In  '.liilnn*  the 
rods  t ransvt'i'sely  at  then  teiifei*.  »m  fJir  iisidri  nde,  In 
means  ol  :i  sau .  to  a  depth  teqtinrii  |.*  ,;Hr  ilirm  ihr  timi 
liility  neeessarv  tei  the  p!talm!i‘<u  i.|  fh,  fMitr',. 

The  rods  are  divideei  In  the  nndr*i  infn*  tlm'  %  shiafim.*-  imi  fs, 
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the  parts  between  the  nodal  points  and  tlie  ends  being’ 
nearly  one-half  of  the  distance  between  the  nodes. 


Fig.  I2I. 


Tlic  Metallophono. 

The  metallophonc  is  similar  in  form  tir  tlie  xylophone,  but^ 
as  its  name  suggests,  the  vibrating  bars  are  made  of  metal — 

Fig,  122. 


Mu.sic  Box. 

hardened  steel.  The  bars  rest  at  their  nodes  on  soft  woolen 
cords,  secured  to  tlu'  ipipcr  edges  of  a  resonator  forming 
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tlic  sii])|){)rt'  of  llu‘  ciitii'c'  serifs  ol  I'lie  i  cni  m.iloi  is 

tapered  both  as  lo  width  ;m<l  <h‘iith.  and  serves  i*'  r;ie.ill\ 
increase  tin.!  voliiuu*  ol  sonud,  alllionpli  it  does  ii(>1  ait  as  a 
I'ierfect;  rc'soiiator  lor  each  bar. 

When  a  bar  is  struck,  its  downward  inoveuicnt  piodiu  es 
an  airwave  whic'h  moves  downward,  sttikes  the  Isontun  ol 
the  resonat.or,  ami  is  ri'llectcd  upward  in  time  to  ic  enloin- 
the  oulw’ardlv  moviuLi'  air  wave  product'd  b\  iiie  npu.ud 
bendine"  of  t.he  bar. 

Tlie  iiu^tallophoue  \  iclds  swt'el  tones  \\  hit  It  are  quite 
different;  in  (|iiality  from  tliost*  jirodueial  b\  tin*  \ibiatitm  ot 
wooden  bars. 

'.rhe  nmsie  box  furnishes  an  examph'  oi  the  class  of  insti  u- 
ments  in  wdiieh  musical  sounds  an*  jiroiluced  b\  the  vibt.i 
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tion  of  free  reiuls  or  tongues  ris.<idK  held  at  out-  end  and 
free  to  vibrate  at  the  othei  end.  The  tmn'ue**  of  l!u* 
tnusii;  box  :ire  made  b\  slitting  tlie  ed«^e  «•!  .i  sterl  plate, 
iormiii};’ a  c'omb,  which  is  arratiofd  with  its  tet-th  pioinfiti;; 
into  1  he  ])at hs  ol  the  pin.s  ol  the  la  limlei,  u  liii  h  att*  dts 
tributed  around  and  alon*4  the  .c\  liudei  itt  the  ludt'i  tu-i 
sary  to  siaaire  the  teipdretl  succession  ot  tones.  Ihr 
cne’a^’enient' ol  one  ol  the  pins  ot  the  i  \  linder  uitli  one  ol 
t.he  tonpau'S  raises  t he  (ouiiuc,  whiih.  u  lien  librtatrd.  \  ields 
ihc'  note  due  to  its  position  in  the  comb, 

'Pile  tonj,(m*s  arc  tunml  b\  liliii^i  m  si  {.i|.ini»  ihnn  .if  their 
iree  or  fixed  mids,  or  b\  loading  thrtu  at  theii  lire  »  nd**,  bi 
this  instrunnmt  llu' sonorous  \  ibrafions  ai e  psodinedln  the 
tonirne,  whicii  itself  has  I  he  desired  pifi  h. 
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p;•reatl^'  slrciijjfthcncd  by  rcsoiuinue.  'I'lic  mouth  oi'jj;'aii  or 
haniioiiica,  is  a  familiar  t'xamj)lc  of  a, .simple  reetl  iuslnimcnt 
without  accurately  adjusted  resonators. 
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When  reeds  are  employed  in  coimec:tion  with  rc^sonatinfi; 
pi])cs,  as  in  the  case  of  the  reed  pipes  of  an  oi'f^'an,  tlu;  pipe 
synchronizes  with  the  reed,  and  re-enforct's  the  sound. 
When  the  reed  is  veiy  stiff,  it  commands  the  vibrati«)ns  ol 
the  air  ('ohimn,  and  whea  it  is  very  llexi- 
hle,  it  is  controlled  by  tlu'  air  column. 

The*  horn  is  a  reed  instrument  in  which 
tlu‘  lips  act  as  reeds,  and  the  tapering’  tube 
serves  as  a  rc.sonator. 

I.ONOri'UDIN.'Vl.  VrURA'I’ION  OK  RODS. 

'riu'  foretcoinf;’  are  examples  of  the 
transverse  vibrat ion  of  i  ods.  'Tlu^  annexed 
Iij4'urc-s  illu.stralt;  apparatus  in  whic'h  llu* 
lou^'il udinal  vibration  of  rods  is  shown. 

ily  ifraspin^’  a  stec‘1  rod  at  the  c-enler 
l)v'lween  the'  thumb  and  liu'^'cr,  cacli  of  its 
t  wo  c'lids  beini;-  fret',  and  striking-  it  upon 
lilt'  end  with  a  hammer,  the  rod  t:au  be 
made  to  yit'ld  a  sound  of  very  hi^^’h  jiitch. 
liy  holdin^’  one  end  lirmly  in  a  vist',  and 
skillfully  rubbiuj;;’  tht'  rod,  by  pulling'  it 
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end  of  the  tubes.  The  llaj^'colet  is  an  open  pipe  in  which 
the  air  is  set  in  vibration  by  blowing  a.  thin  sheet  of  air 
throiisj^'h  the  slit  of  the  mouthpiece  ag'aiust  the  thin  edjj^’e  of 
the  opposite  side  of  the  embouchure.  The  rate  of  the  llut- 
tcriufi;  produced  by  the  air  strikinj^'  upon  the  thin  ed«;’c  is 
determined  by  the  leng'th  of  the  pipe  of  the  instrunumt,  the 
length  being  varied  to  produce  the  different  notes,  by  open- 
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fug  or  closing  the  finger  holes.  By  comparing  the  nagcolot, 
with  the  Pandean  pities,  it  is  foiuul  that  for  a  given  note 
t.lie  open  llageolcit  pi])C  must  be  about.  1  wice  as  longastiie 
I ’an  jiiiie.  When  all  the  finger  holes  of  the  (lagi'olet  are 
closed,  it  is  then  a  simtile  o})en  pipe,  likt;  a,n  orga.ii  pipe,  and, 
if  compared  with  the  Pan  piiie  yielding  the  same  note,  it  is 
found  to  be  just  twice  as  long  as  the  closcti  pi{ie.  If,  while 
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thi‘  holes  art'  closed,  tlu^  o])m)  t'lid  of  the  ilagcolct  pipe  be 
sto])j)ed,  the  instrumt'iit  will  yit'ld  a  nott'  an  othavt'  lower 
if  the  blowing  bt' vt'ry  gt'ul Ic.  'rhese  cxtimanumts  show  that 
the  note  produced  b}'  a  stoppctl  ])ipe.  is  an  octave  bt'low  llu' 
note  yielded  by  an  open  pipe  of  the  same  length,  and  the 
same  as  that  obtained  from  an  o[)en  pipe  of  donblt;  tlu*  length, 
'Plu' ocorina  is  a  curious  modt'rn  insi runu'ut,  of  imic'h 
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the  snmc  nature  as  1  lie  !t  is.  hnwuvrr.  a  stepped 

pipe,  and  shows  how  loiu's  art'  modified  by  toriu  and 
material,  llie  laller  elay.  It  produet's  a  uielh'W  toiu', 

somcthiiiii:  like  that  of  a  lliile. 

STI'l  1  N( : F,I )  l  XSTR l '  M 1 ' XTS. 

The  xither,  now  made  in  llu'  lofin  t)f  an  inexpensi vt*  and 
really  servitx'ahle  to\'.  orii^'iiialt'd  in  the  I  yrtil.  It  t’onsists 
of  a  trape^'oidal  soundinsj,'  board,  provided  with  britli^fs. 
and  havin'.)-  24  wire  striui;-s. 

Its  tones  are  harji-likt*.  and  with  it  a  profieii'Ut  plaver 
■can  i)rocluec  ai^Tceable  inusii-.  Mueh  oi  tlu'  nature  of  tlu' 
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vibration  of  strings  may  be  c’xhiiiitt'd  bv  ineans  of  this  insfru 
ment.  On  dam(iinf4'  one  of  tin*  strings  hv  plating  the  fnigei 
or  a  pc'iu'il  lighlly  against  its  center,  and  viliratiiig  tln'Hfnug, 
at  t.lu' .saiiu'  time  renuiving  the  pencil,  tlie  string  will  vield 
a  note  which  is  an  octave  liigher  than  its  ttnulaineutal  note. 

by  examining'  (he  string  ch>se!v.  it  will  be  asct'rtained 
that  at  the  eenter  iheri*  is  apparently  no  vilnatirm.  while 
between  Ibe  et'nK'rand  (he  ends  it  vilnutes.  The  piaieul 
least  vibrat ion  at  the  center  ol  the  string  is  the  nucha  atid 
between  the  node  and  the  ends  of  (he  stritigs  are  the  venters. 
It  will  thus  he  seen  that  the  sfiing  is  pr.ietu'alh  divided 
into  two  ecpial  vihrating  segments,  each  (»l  uliiiii  prodm  c-s 
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a,  note  an  octave  lufj^hcr  than  that  of  ihe  open  vSlriii';'.  'I'hal 
(he  note  is  an  octave  hi^’lier  than  the  J'nnclainental  noti^ 
inav  he  detennined  by  coinparin*'-  it  with  the  nof.e  of  the 
strino-  which  is  an  octave  above  in  (lie  scale  of  the  zillier. 

By  dainpinj:^  th(‘  string-  at  (he  end  of  onivfoiirtli  of  i(s 
lenjjjth,  the  remaininj^  portion  of  the  striipi;-  divides  itself  into 
three  ventral  se^j^inents,  with  two  nodes  between. 

The  division  of  the  string  into  nodes  and  vtaiters  occiirs 
whenever  the  striiif^;  is  vibrated,  and  all  of  the  notes  otlu'r 
than  the  fundamental  are  known  as  hannonics,  and  impart 
to  the  sound  of  the  sti'inj^'  its  cpiality. 

By  tuning*  the  first  two  strings  in  unison,  tin'  \'ihration 
of  one  striiif^  by  sympathy  with  tlu^  otlnn-  string-  may  be 
shown. 

CONDUl’.'I'K  IN  Ol''  SOUN’I). 

'The  string  teleiihone,  alt.honjj,'h  not  a  musical  inst.rument, 
nor  even  a  sound  product'!',  t'xhihits  an  ini  ('rest  Intj;'  leature 
in  the  tionduction  of  sounds.  It  consists  of  two  short  tubes 
or  inouthiiieces,  eatih  covered  at  one  end  with  a  taut  parcln 
nu'iit  diaiihra^in,  the  t.wo  dia-  Kic,  131. 

phratt,’nis  b  e  i  n  comu'cteil 
with  a  stout  thread.  By 
strettihin^'  the  thrt'ad  so  as  to 
reiuh'i'  it  taut,  a  convtirsation 
may  be  trarrit'd  on  over  ([uite 
a  ionj^'  distance,  by  (alkinj^*  in 
one  instrument  and  listening- 
at  the  otlier.  d'he  vibration 
of  one  dinphi'agan,  due  to  the 
impact  of  sound  waves,  is 
transmitted  to  the  other  dia¬ 
phragm  by  the  thread.  HtriuK  Tdcplumc. 

In  the  toys  illustrated  we  have  a  representative  of  the 
Savurt’s  wheel  in  the  buzz;  of  the'  pipe  organ  in  the  Ban 
pipes,  the  llageolet,  and  the.  mouth  organ;  of  band  instru- 
nients  in  the  bugle;  and  of  the  piano,  harp,  and  othei 
stringed  instruments  in  (he  zithei'. 
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HARMON’ If  VNIRA  TinNs. 

^ul|)ulsc^s  U'hiolR  turuiTin-  sin-l>  <u  at  inv-ulai  it. ter 
vals,  arc  iiu'apal.U'  of  pnaliicin-'  imv  HtHUH-ablf  ctUn  f*.  uta\ . 
whiMiinadcrc-aila.-lv,  uiulrr  lavcrai.U*  .-uvunisf ai.t  os.  \u«Ui 
aslonishin- results.  'Phe  rattling  <. I  .-liuieh  u.n.luusln  an 
waives  u-eni'i-aled  bv  a  parlieular  piiuM.t  thi'  (.r-ati,  a  bn.le,e 

straineil  or  broken  by  the  ivi-ailar  Itainp  ol  snltliet-.  m  bv 

the  Iroltin.R- of  horses,  (he  vibration  ol  i  m\  tn  nr.iO  stnn 

lniil(liin>'  ^>y  a  wa^-on  nnnblitij;'  over  the  j-.o  eiiieiit .  i  lat  i...  v 
vibrated  to  a  dangerous  de-ree  b\  tuatiduet  \  <  o»latiu-d 
within  its  walls,  a  mil!  shaken  front  l.mitdation  to  ou.i  In 
air  waves  R’cme rated  by  ua("r  lalliiiR  ovit  a  d.iitn  .oi  all 
ftimiliar  c'xainples  ol  (he  power  ol  letpdai  oj  ijainitinn 
vibrations. 

llarnionit:  \'ibrations  result  It  out  ri'e,idatl\  tiiuisuu* 
impulses,  whieli  inav  be  very  slie,ht  indeed,  hut  w  hett  the 
<.'iTeets  of  tht'  impulses  are  added  ntn*  to  anothet,  the  ,u  »  um 
Illation  of  power  is  somet imes  Nety  ipe.it, 

'To  .seeure  eunuilative  effeets.  the  inipuKes  lunst  it.if  .adv 
be  reg’ular  in  t heir  oeeurrenee,  but  (he  hod\  reteiiau;*  the 
iiu[iulses  must,  In'  idile  to  resjamd,  its  \ibralcu\  peinnl  mm-*! 
correspond  with  the  pm'iod  til  the  itnpulM's,  ami.  imltmi 
than  this,  the  inipulsi's  must  bear  a  eel  tain  lehitiiui  o  •  a  p.ii 
ticiilar  pha.se  of  the  vibration,  in  order  tliaf  thev  e.iai  ml 
upon  the  vibratini^' body  in  sm‘h  a  w.o  in*  t»»  aur,.m  nt  ti^ 
motion  Hither  (h;m  diminish  it. 

'fhere  are  railroad  bridj^'es  (hat  vibi.itr  alariuimtiv  « lien 
crossed  by  locomotives  running'  at  a  lettain  speed,  the 
vibrations  beiiif;' ctuised  by  tlu'  eoiupai ati\ eh  slis.»ht  i.u  k  ol 
balance  in  the  drivinj;’  wheels  and  eomieetin^;  imhi.  I*or 
this  rea.son  (he  speed  is  restriiied  on  mu  h  Inidj^es. 

Durinij;;  the  e.arly  tests  of  the  hast  River  britl^e  bet  wren 
New  York  and  Brooklyn,  it  was  found  that  the  stiintnir 
was  so  massive  and  its  vibratory  pm  iod  so  slnw  that  it  t  onid 
not  be  injurious!}' affeeled  by  t lie  maiehini*  of  uu*ii  or  the 
tnittiui^''  of  horses;  couseipumtly,  travel  proieeds  on  flys 
brid^^c  as  upon  any  hijifhway. 

A  well  known  lvnf.(li.sh  physicist  is  reported  to  ha\r  vud 
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that  with  suitable  appliances  he  could  break  an  iron  girder 
by  pelting  it  with  pith  balls.  An  experiment  of  this  kind 
would  certainly  show  in  a  striking  manner  the  effects  of 
very  slight  rhythmic  impulses.  As  it  is  manifestly  imprac¬ 
ticable  to  perform  such  an  experiment,  an  easier  method  of 
illustrating  harmonic  vibrations  must  be  sought. 

In  the  accompanying  engravings,  Fig.  132  shows  how -a 
bar  of  steel  may  be  set  in  active  vibration  by  drops  of  water. 
The  bar  is  supported  at  nodal  points  upon  angular  pieces 


Fig.  132 


Harmonic  Vibration. 


of  wood.  Above  the  center  of  the  bar  is  arranged  a  faucet, 
which  communicates  with  the  water  supply.  The  bar  is 
first  vibrated  by  hand,  and  the  faucet  is  adjusted  so  that  the 
water  drops  in  unison  with  the  vibrations  of  the  bar.  The 
motion  of  the  bar  is  then  stopped,  and  the  water  is  allowed 
to  drop  on  it.  The  bar  soon  begins  to  vibrate,  and  in  a 
short  time  the  vibration  acquires  considerable  amplitude. 
In  Fig.  133  is  shown  an  experiment  in  wliich  the  intermit¬ 
tent  pull  of  an  electro-magnet  is  made  to  accomplish  the 
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sumc  in  this  ciisc  the  sli-fllnir  intuis  a  j‘.ut  >.!  ilu- 

circiiit,  'I'lic  niaj^'iii'l  is  pi’ovidetl  with  a  lin.ht  wutnltii 
sprino-prcsscal  arm,  earryinsJ:'  R  conlacl  ptiint  ami  a  <  na 
ilnc’tor.  'Phis  arm  is  arran^X'd  Hdollnw  I  he  hai  upamldttwu 
iliroii^h  the  ii])])C'r  hall  ol  it  s  extairsii  )n.  hrea  kiiu’.  I  !u- 1  i  mtai  l 
at  the  median  position  ol  the  bar.  I  he  luae.nei  lua  tituc 
alt.ci'iiat ely  niaj^’iK'tixi'd  and  <leuia_”'neli/ed,  and  the  hat 
tdt.c'rnat.ely  piillc'd  down  atul  rt'leased.  I  he  hat  nsed  in 
these  experiments  is  j  inch  lhi(‘k.  i  \  ineln's  widr.  .tml  trrt 
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lon^.  A  niiieli  lar^’er  bar  nui»iit  he  used.  W'ishnut  dtmhf. 
('ven  an  iron  i^arder  (tf  f^’i’eat  si/e  and  weight  niU'Jii  hr  -.ri  m 
active  vihnition  hy  the  same  means. 

SIMl'LK  SOt'Mt  UK.  ttIUiI  K. 

In  13.},  is  shown  a  simph*  devitt'  h*i  irttudnin 

sounds  auto^raphically.*  The  piopelliui^  mI  thr  sim.krd 
plate  under  1  he  stylus  is  ataromplishetl  h\  simph  tm  Imme 
the  sujtport  oi  the  plate  and  i:dh>wiji|4  the  plate  i.»  shdr  ui! 
(luiekly  hy  its  own  gravity. 

I  his  apparatus  consists  of  a  wooden  mnuthpinr  like 
that  of  a  telephone,  with  a  parcTntent  diuphiaipn  rjued  f*. 
its  hack,  and  jtrovided  vsdtha  traein^^  l»>j«d,  w  hit  h  i%  sli^hth 
inclined  downward  toward  the  ^uide  tor  the  plate. 

This  tracing  point  is  a  comimm  sewing  needle,  havmy  h-. 
pointed  end  bent  downward.  It  is  eenieutcd  at  the  eve  mti 

*  See  jiIho  rha[!ttrr  on  tirojrt'Unn. 
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to  the  center  of  a  diaphragm  by  a  drop  of  sealing  wax. 
The  mouthpiece  is  attached  to  a  base  supporting  the  cross¬ 
piece  upon  which  the  smoked  plate  is  placed. 

A  thin  strip  of  wood  fastened  by  two  common  pins — one 
at  each  end — serves  as  a  guide  for  the  smoked  plate. 

To  prevent  the  tracing  point  from  being  deflected  later¬ 
ally  by  the  moving  glass,  a  needle  is  driven  down  into  the 
baseboard  in  contact  with  the  tracing  point. 


Fig.  134. 


Recorder  for  Sound  Vibrations. 

A  very  thin  rubber  band  is 
slipped  over  the  tracing  point 
and  drawn  down  through  a 
small  hole  in  the  baseboard,  as 
shown  in  Fig.  135,  until  the 
necessary  tension  is  secured  for  keeping  the  point  in  delicate 
but  continuous  contact  with  the  smoked  plate. 

The  best  plates  for  the  purpose  of  making  the  tracings 
are  the  microscope  slide  glasses  with  ground  edges.  They 
may  be  readily  smoked  over  a  gas  jet  turned  down  quite 
small,  or  over  a  candle  or  kerosene  lamp.  The  flame  in  any 
case  should  be  small  and  the  film  of  smoke  fine  and  very  thin. 

The  smoked  plate  is  placed  on  the  support  and  against 
the  guide  and  under  the  needle,  and  the  instrument  is 
inclined  until  the  plate  rests  against  the  guide.  Now  the 
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mouth  is  plucccl  nt'iir  iho  moulhiju'ct',  ;iiul  u  vow  t  I  is  uttt'i  vtl, 
while  the  instrument  is  iiu'liued  sidewise  ;il  a  siiUu  lent  au^ii* 
to  permit  the  }ji,'lass  to  slicU*  oil  (piii’klw  t  M  eoiii  so  the  rKiss 
should  fall  only  a  very  short  ciislanee,  and  it  is  well  le  pnr 
vide  a  soft  surface  for  it  (o  alii^hd  on. 

If  all  this  is  done  with  tin*  sli.u'htesl  rej^'anl  lor  precision, 
a  beautiful  traciu!-’  will  be  secured,  which  willsbnw  the  com¬ 
posite  nature  of  eac'h  somul  wave.  I  he  re|.;tdaiit  \  and  uni 
formity  of  the  entire  Iraciii”-  is  surprisiu!^.  i'onsid<*i  in,';-  (he 
comi)aratively  ta'udi'  meaiis  employed  in  prodneiuL'.  tt. 

The  beji^inninii^  t)l  llu*  sinuous  line  issonu'what  imperlcct. 
owing'  to  the  slow  initial  uiovtanent  ol  (he  jdate  in  its 
descent,  but  the  greatm-  portion  is  pcrlect. 

After  having  made  out'  line,  the  pins  holding  ptnde 

are  moved  foiuvard,  placing  (Iu‘  giiiih'  in  a  new  posili»»n, 
when  the  o[)era{ion  ol  tracing  may  be  repeat <'d  u  ith  another 
vowel.  Monosyllables  and  short  wools  m.i\  lu-  ieM<ith*d. 
If  the  plate  is  made  long  enough,  it  will,  ot  ^  oui  sr.  ret  rive 
an  entire  senlt'iict'. 

'riiese  (rattings  mav  bi'  co\ered  with  a  set  oml  micin 
scopic'  glass  [ilate  to  protect  them,  or  the\  m.i\  In-  mounted 
as  a  inicroscopit' ol)jcct  tor  a  low  pouri  b\  pntiiiig  a  flun 
cover  over  ( iiem  in  t  luMisnal  way.  rsetl  ,is  laiitei  n  slid,  s, 
they  give  line  results. 

VIUKA'tlNO  fi.amjnA 

The  most  jx'rlccl  cKhibition  ot  vibrating  llaiiirs  can  Ih* 
made  only  wdlh  expensive  apparatus;  but  the  Htinlent  i  an 
get  very  satisfactoiw  results  by  the  employment  ol  sm  fi 
things  as  are  sliown  ill  log.  A  eandle,  a  nihliri  tulir, 

an  oblong  mirror,  and  a  piece  o(  thrcxul  ate  the  ni*h  leipd 
site.s,  except ing*  the  supjiort  lor  the  mirioi  w  Im  h  in  the 
present  ease  coiKsists  of  a  pile  of  books  and  a  little  paper 
funnel  inserted  in  the  end  of  the  rubber  tulic'  aiul  tinming 
the  moiithpit'cc*. 

Tlie  thread  is  tied  around  opposite  einls  ol  the  oblong 
mirror,  and  the  mirror  supported  bv  passing  tin’  thtead 
through  the  upper  book  ol  the  pile,  wide  h  iutsovei  toullenv 
*  Stjc!  ntsu  cluuntn  on  fxprtiiiiron*  wat*  «  imnfo 
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the  mirror  to  swing-  freely  without  touching'  the  hooks. 
The  mirror  i.s  made  to  vibrate  in  a.  liorizoutal  plane  by 
giving  it  a  twisting-  motion.  One  end  ol  the  rubber  tube  is 
placed  vei'}^  near  tlic  base  of  the  ciindlc  llanie,  and  t.be  ollier 
end,  which  is  provided  witli  tlie  paper  mouthpiece,  is  placed 
before  the  mouth  and  a  sound  is  uttered  which  causes  tlu‘ 
air  contained  by  the  rubber  tube  to  vibrate  and  im[)art  its 
motion  to  the  candle  llame.  The  vibratory  charat'ter  of  the 
flame  is  not  noticeable  by  direct  oliservation,  but  on  view¬ 
ing  the  flame  in  the  swinging  mirror,  separate  images  of 
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Simple;  Molhod  of  Pro(luc.in)»  and  Vicwiiif'  Vibratinjuf  Flumrs. 


the  flame  will  be  vseeu.  These  images  arc  coinbiiu'd  in  a 
series  which,  with  a  certain  degree  of  accuracy,  represent, 
the  sound  waves  by  which  the  fluctuations  of  the  flame  are 
produced. 

To  show  that  these  images  result  from  a.  vibrating  flanu*, 
it  is  only  necessary  to  view  the  llame  in  the  mirror.  Wlicm 
no  sound  is  madc^  in  tlie  mouthpiece,  only  a  plain  band  of 
light  will  be  seen, 

A  somewhat  more  convenient  arrangement  of  mirrors  is 
shown  in  Fig.  137.  In  a  baseboard  is  inserted  a  wire,  one- 
eighth  inch  or  more  in  diameter  and  about  a  foot  long.  ( )n 
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this  wire  is  placed  an  ordinary  spool,  and  above  the  spool  ai 
thin  apertured  board  (shown  in  the  detailed  view),  the  board 
being  about  8  inches  long  and  6  inches  wide.  The  board  is 
perforated  edgewise  to  receive  the  wire.  In  the  upper  edge 
of  the  board,  half  way  between  the  center  and  end,  is  in¬ 
serted  a  wire,  upon  which  is  placed  a  small  spool,  solving  as. 


Fig.  137. 


Rotating  Mirror. 


a  crank  by  which  to  turn  the  board.  Upon  opposite  sides 
of  the  board  are  placed  mirrors  of  a  size  corresponding  to 
that  of  the  board,  the  mirrors  being  secured  to  the  board 
by  strips  of  paper  or  cloth  pasted  around  the  edges.  The 
image  of  the  flame  is  viewed  in  the  mirrors  as  they  are 
revolved. 

SPEAKING  I-LA^E. 

The  speaking  flame  apparatus  shown  in  the  annexed 
engravings  is  based  on  the  principle  of  the  annular  burner 
often  used  in  producing  the  oxyhydrogen  light,  the  prin¬ 
cipal  difference  being  in  the  diminished  annular  orifice.  The 
construchon  of  the  burner  is  clearly  shown  in  Fig.  138,  the 
detached  illustration  being  an  enlarged  sectional  view  of  the 
end  of  the  burner.  Gas  is  taken  through  the  central  tube, 
and  the  flexible  speaking  tube  is  connected  with  the  outer 
tube  of  the  burner.  When  the  apparatus  is  used  for  pro¬ 
ducing  musical  and  articulate  sounds,  a  resonator  is  attached, 
as  shown  in  Fig.  138.  In  this  figure  the  resonator  is  broken 
away  to  show  its  position  relative  to  the  burner. 

By  screwing  the  cap  of  the  burner  up  or  down,  an  adjust- 
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ment  may  be  secured  which  will  cause  the  flame  to  repro¬ 
duce  any  sounds  uttered  in  the  mouthpiece  attached  to  the 
flexible  speaking-tube.  With  a  fine  adjustment  articulate 
speech  or  any  note  of  the  musical  scale  within  the  compass 
of  the  human  voice  may  be  reproduced  by  the  flame. 

The  slight  air  waves  which  reach  the  burner  through  the 
flexible  pipe  act  directly  upon  the  base  of  the  flame ;  this 


Fig.  138. 


portion  of  the  flame  being  more  sensitive  to  disturbing 
influences  than  any  other.  This  fact  has  been  determined 
by  experiments  on  sensitive  flames,  such  as  are  described 
further  on.  By  speaking  in  the  mouthpiece  while  the  gas 
is  cut  off  from  the  burner,  it  is  found  that  no  sound  pro¬ 
ceeds  from  the  burner,  thus  showing  conclusivcl}’’  that  the 
sounds  are  produced  by  the  flame. 


136  EXPERIMENTAL  SCIENCE. 

With  a  continuous  speaking-tube  explosive  sounds  are 
liable  to  extinguish  the  flame,  but  this  difficulty  may  be 
avoided  by  cutting  a  longitudinal  slit,  an  inch  or  so  in  length, 
in  the  speaking-tube  near  the  mouthpiece. 

When  sounds  are  uttered  in  the  mouthpiece  with  suffi¬ 
cient  intensity  to  cause  the  flame  to  respond  audibly,  the 
sound  waves  induce  longitudinal  vibrations  of  the  flame, 
which  produce  sounds  varjdng  in  pitch  and  intensity  with 
those  uttered  in  the  mouthpiece. 

In  Fig.  139  is  shown  a  method  of  analyzing  the  vibrating 
flame.  By  means  of  a  revolving  mirror  an  image  of  each 
separate  flame  may  be  seen.  In  fact,  the  results  are  identical 
with  those  secured  by  Koenig’s  manometric  capsule. 

A  circular  mirror  mounted  obliquely  on  a  spindle,  as 
shown  in  Fig.  140,  so  that  it  will  wabble,  is  effective  in  ana¬ 
lyzing  these  flames.  The  image  in  this  case  has  a  crown¬ 
like  appearance. 

In  the  experiment  here  shown  a  flute  is  employed  as  the 
source  of  sound. 

In  Figs.  141,  142,  143,  and  144  are  illustrated  some  of 
the  flame  images  seen  in  the  revolving  mirror. 

COMPOSITION  OF  VIBRATIONS. 

The  optical  method  of  studying  sonorous  vibrations  has 
the  advantage  over  other  methods  in  being  of  interest  not 
only  to  the  student  of  acoustics,  but  also  to  those  who  care 
only  for  beautiful  effects  and  have  no  regard  for  the  lessons 
they  teach. 

As  incidental  to  scientific  work,  the  effect  of  beautiful 
experiments  on  the  latter  class  may  be  worth  a  little  con¬ 
sideration,  as  it  not  infrequently  happens  that  the  mere 
onlooker  is  lured  into  the  paths  of  science  by  such  means. 

Among  physical  experiments,  none  are  more  attractive 
or  instructive  than  those  connected  with  the  subject  of 
sound.  The  experiments  of  M.  Lissajous  arc  particularly 
interesting,  but  when  the  figures  are  produced  by  the  appa¬ 
ratus  employed  by  Lissajous,  a  costly  set  of  instruments  will 
be  required. 
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In  the  annexed  en^ravini^  are  shown  two  pieces  of  a])pa- 
ratiis  for  prodiiciii"'  these  figures;  that  shown  in  log.  K]5 
being  cpiite  inexpensive,  lhat  shown  in  J'hg.  140  being  a  lillle 


more  costly,  and,  at  the,  .same,  time,  more  (‘flicient  in  its  per- 
formancH*. 

'fhe  device'  shown  in  I'igo  145  consists  esscnlitdly 
of  two  plane;  mirrors,  .supporte'd  by  torsional  bands  of  rub¬ 
ber,  one  being  sipiporte'd  so  as  to  vibrate;  in  a  ve'rtie'al 
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plane,  the  other  in  a  horizontal  plane,  the  mirrors  being 
arranged  with  respect  to  each  other  so  that  the  light  re¬ 
ceived  by  one  mirror  will  be  reflected  upon  the  face  of  the 
other  mirror,  by  which  it  will  in  turn  be  projected  thiough 
a  double  convex  hand  glass  of  long  focus,  to  be  finally 
received  on  the  wall  or  screen. 

The  mirrors  employed  in  the  construction  of  this  instru¬ 
ment  are  the  small,  inexpensive  circular  pocket  mirrors  sold 
on  the  street  corners.  They  are  about  inches  in  diame¬ 
ter.  To  adapt  them  for  use,  a  strip  of  tin,  having  its  ends 
curled  up  to  form  hooks,  is  secured  to  the  back  of  each  mir¬ 
ror  by  means  of  sealing  wax. 

A  baseboard  provided  with  three  standards  supports  the 
mirrors  in  the  position  of  use.  In  one  of  the  posts  near  the 
top  are  inserted  two  ordinary  wire  hooks,  and  near  the  bot¬ 
tom  are  inserted  two  similar  hooks.  Rubber  bands  received 
in  these  hooks  are  inserted  in  the  hooked  ends  of  the  strip 
of  tin  attached  to  the  back  of  the  mirror.  Several  wire 
nails  are  driven  into  the  face  of  the  standard,  for  conven¬ 
ience  in  increasing  or  diminishing  the  tension  of  the  rubber 
bands,  the  bands  being  drawn  forward  between  the-  hooks 
and  slipped  over  one  or  the  other  of  the  nails  to  increase 
the  tension. 

The  mirror  thus  mounted  on  the  vertical  rubber  bands 
will,  when  struck  lightly,  vibrate  in  a  horizontal  plane.  To 
change  the  rate  of  vibration,  a  weight  is  attached  to  the 
back  of  the  mirror  by  means  of  beeswax.  In  the  present 
case  the  weight  consists  of  a  piece  of  wire  about  6  inches 
long.  By  varying  the  position  of  the  wire  On  the  mirror, 
i.  (?.,  by  placing  it  at  different  angles  with  the  rubber  bands 
that  support  the  mirror,  the  rate  of  vibration  may  be  greatly 
varied. 

The  second  mirror  is  mounted  in  substantially  the  same 
way,  the  only  difference  being  that  the  rubber  bands  arc 
arranged  horizontally,  and  supported  by  two  posts  instead 
of  one.  This  mirror  vibrates  in  a  vertical  plane,  and  its  rate 
of  vibration  is  changed  in  the  manner  above  described.  A 
candle  or  other  source  of  light  is  arranged  so  that  the  light 
from  it  will  fall  on  one  mirror  and  be  reflected  to  the  other 
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mirror,  which  in  t,urn  will  i)r()jcct  it;  through  the  lens  to  the 
wall.  When  the  mirrors  are  set  in  vibration,  a  figure  of 
more  or  less  complicated  character  will  be  produced  upon 
the  wall.  I  f  the  two  mirrors  vibra.te  in  unison,  a  straight  line, 
or  an  ellipse,  or  a  circle  will  be  produced.  If  one  mirror 
vibrates  twice  as  fast  as  the  other,  the  figure  will  have  the 
form  of  figure  8.  The  figures  may  be  varied  to  an  almost 
unlimited  extent  by  changing  the  tension  of  the  rubber 
bands,  and  by  shifting  the  wire  weights.  As  the-  various 
figures  which  ma}^  be  produced  are  illustrated  in  most 
works  on  physics  and  on  sound,  it  will  be  unnecessary  to 
illustrate  them  here. 

The  apparatus  shown  in  Fig.  146  will  now  be  undin'stood 
with  little  explanation,  as  the  principle  on  which  it  operates 
is  the  same  as  that  of  the  more  simple  form.  The  mirrors 
are  each  su])ported  by  two  parallel  steel  wires,  whicii  are 
really  but  parts  of  the  same  wire,  'flic  extremities  of 
thiG  wire  are  securely  lastencd  in  the  T-shaped  head  of  a 
bolt,  which  in  the  ca.se  of  the  horizontal  wires  extends 
through  one  of  the  [losts,  and  receives  a  milled  nut,  by 
which  the  tension  of  tlic  wires  may  be  varied. 

'fhe  wire  at  its  mid-length  jiasses  around  a  small  sheave 
in  the  otluu' ])ost,  so  that  as  the  wire  is  lightened  the  ten¬ 
sion  of  its  two  branehes  will  be  equalized.  The  vertical 
wires  are  su])port,ed  in  the  same  way  by  studs  projecting 
from  the  central  post  -— the  lower  stud  being  provided  with  a 
sheave  for  receiving  the  wire,  the  tipper  stud  being  mor¬ 
tised  for  rt;ceiving  the  tension  screw. 

The  mirrors  an;  attached  by  small  clamps  which  embrace 
both  wiri's,  and  tin;  arms  snp])orting  llie  adjustable  weights 
arc  involed  to  the  clamps,  'flu*  weiglits  may  bi;  swung  in 
the  plain;  of  tlic  mirror,  and  tlu'y  arc  made  adjustable  on 
their  supporting  arms. 

The  best  illumination  aside  from  sunlight;  is  tliat  of  a 
small  pa,rallel  beam  from  an  oxyhydrogen  or  t;k;ctric  lan- 
tiirn.  'flic  apparatus  may  be  coarsely  adjnst.ed  by  turning 
the  weighted  arms  on  their  pivots,  and  a  finer  adjustment 
may  be  secured  by  increasing  or  diminishing  the  tension  of 
the  wires. 
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Tlic  rc-ciiforccnicul;  of  soiiiuls  by  the  vibnilioii  of  cou« 
lined  nuiSwSes  of  iiir  nuiy  be  readily  invesli<^ated  without 
apparatus,  that  is,  vSueh  a[)paratus  as  is  conuiioiily  employed 
in  acoustical  experiments.  A  very  simple  ex[)eriuK‘nt  illus 
tratin^  the  fact  that  a  sound  may  be  strenj^thened  by  a 
confined  body  of  air  is  illustnited  in  Fi^;'.  147.  The  only 


Fig,  147. 
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reqiii.site  for  tnis  eexpen-iment  is  a  paper  IuIk*  ib  or  iH  inelies 
Ion{4  and  about  3  inches  in  diameter,  or,  in  the  absence:  ol 
such  a  lube,  a  sheet  of  thick  l>a])er  rolled  into  a  tube  will 
answer.  'Plus  tube  should  be  held  with  one.  cud  near  lh(‘ 
mouth,  the  opposite  end  beiuf^  cFised  by  tlic  jialm  of  the 
band.  By  making'  a  sound  continuously  with  the  voice, 
gradually  rising  in  pitch,  for  examples  by  sing-ing  (),  with 
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the  voice  rising  from  the  lowest  note  it  is  cajKihk'  of  making, 
toward  the  highest  note,  a  poinl  will  he  foiuul  wluax'  tlu' 
.sound  is  largely  increased.  'Phis  increase  of  sound  will 
occur  at  the  same  iDoint  in  the  scale  oacli  lime  tlu'  expei’i- 
ment  is  tried  with  the  same  tube,  thus  showing  (hat  (he 
dimensions  of  the  tube  arc  in  some  way  relaled  (o  (he.  re-en¬ 
forced  note,  and  to  that  only.  It  will  also  be*  nolicu'd  (hat 
the  vibrations  of  the  air  in  the  resonant  (ulu^  not  onlv  alTect 
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the  auditory  apparatus,  but  also  have  sidfitrienl  power  to  be 

plainly  perceptible  to  the  so.iau  of  toucli,  the  viliratunis  l.t-inif 
felt  by  the  hand. 

Another  very  simple  experiment  showing  the  saim*  phe¬ 
nomenon  in  a  different  ^vay  is  illustrated  in  h'ig.  (.jK.  In  this 
case  the  resonant  vessel  consists  of  a  vase.  Anr  vessel  of 

substantially  the  same  form  irnty  l>e  used.  'I'hf  size  isiiot  very 
material,  but  by  making-  several  trial.s  of  dUffi-f.il  ve.sscls  a 
particular  one  will  be  fouiul  wliich  will  yield  better  results 
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than  others  on  account  of  being  of  the  correct  dimensions. 
The  experiment  consists  in  holding  the  vase  obliquely  in 
close  proximity  to  the  ear,  then  running  the  chromatic  scale 
upon  any  instrument  having  sufficient  range,  preferably  upon 
a  piano  or  organ.  Some  note  of  the  scale  will  sound  much 
louder  than  any  of  the  others.  By  tilting  the  vase  slightly 
in  one  direction  or  the  other,  so  as  to  cause  the  ear  to  partly 
close  the  mouth  of  the  vase,  the  resonant  qualities  may  pos¬ 
sibly  be  improved,  as  the  movement  of  the  vase  in  this  man¬ 
ner  amounts  to  tuning  the  resonator. 

In  Fig.  149  is  represented  an  experiment  in  which  the 
mouth  is  employed  as  a  resonator,  and  an  ordinary  tea  bell 
as  the  source  of  the  sound.  The  tuning  is  effected  by  mov¬ 
ing  the  tongue  back  and  forth,  also  by  opening  or  closing 
the  lips.  By  a  few  trials  a  position  of  the  mouth  will  be 
found  which  will  cause  it  to  respond  to  the  sound  of  the  bell 
and  act  as  an  efficient  resonator. 

The  familiar  instrument  shown  in  Fig.  1 50  is  used  in  con¬ 
nection  with  the  mouth  as  a  resonator.  In  this  example  the 
reed  of  the  Jew’s  harp  is  made  to  yield  a  variety  of  tones, 
dependent  upon  the  adjustment  of  the  mouth  and  the  force 
of  the  breath.  The  fundamental  note  of  the  reed  is  the 
clearest  and  best,  and  always  distinctly  heard.  The  forced 
overtones  are  less  satisfactory,  but  suffice  for  playing  tunes 
that  are  recognizable. 

The  experiment  with  the  bell,  represented  in  Fig.  151,  is 
very  striking,  and  is  easily  performed.  The  bell  is  simply 
an  old  fashioned  clock  bell  or  gong  fastened  on  the  end  of 
a  small  wooden  handle  by  a  common  wood  screw.  The 
resonator  is  a  paper  tube  of  about  two-thirds  the  diameter 
of  the  bell,  provided  with  a  movable  portion  or  diaphragm, 
as  shown  at  A.  Although  the  bell  may  be  set  in  vibration 
by  rapping  it  with  the  knuckles  or  striking  it  with  a  large 
sized  rubber  eraser,  it  may  be  more  satisfactorily  sounded 
by  drawing  a  well  resined  bow  over  its  edge.  The  bell  is 
held  over  the  mouth  of  the  paper  tube,  and  the  diaphragm 
is  moved  up  or  down  in  the  tube  until  a  position  is  reached 
in  which  the  bell  will  yield  a  full  tone,  which  is  much  louder 
than  it  is  capable  of  giving  when  used  without  the  resona- 


KXl’l'.RIMl'.N  TAI. 


tor.  'Phc  (luii)lira.U'tu  is  tlu'u  iastciu'd  by  nioans  ni  st-alin^ 
wax  or 

To  ro-cnforc'c  our  of  llu*  ovrrt«>iu‘s  o!  thr  bell,  (he  njipti- 
sitc  eii<l  of  (he  (iibi‘  is  i;'railually  shortened  i)\  patinjj,  ot{ 
narrow  slrij)s  froiii  its  t'd^-c  until  it  rt'Sjunuls  to  (l\e  hii;ii 
tone  which  (he  bell  is  ('apabk'  ol'  i;-iviniji'  out  when  bowed  in 
a  particular  way.  Now,  by  causing-  the  bell  t<f  vibrab* 
stronf.;ly  and  placriiif;’  it  iu*ar  o[)posi(e  ends  of  the  resonator 
in  alternation,  it  will  b(' found  that  the  deeper  cavity  will 
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respond  only  to  tiw  grave  note  ol  tlu*  bell,  widle  the  slial- 
iower  cavity  will  re-taiforce  only  the  eivettoue  to  width  it  is 
tuned,  hi  this  experiinent  it  will  be  hmnd  a  liltle  more 
convenient  to  have  separatt*  resemators  ftu  the  liith-irnt 
tones. 

In  Fig.  152  is  shown  an  experiment  whieli  is  .suhstan- 
tially  the  sanu'.  as  (hat  just  deserilnal  in  conneetion  with  the 
bell.  In  this  ca.se  two  timing  torks.  A  and  C',  are  used  as 
sound  producers,  and  to  each  fork  is  atiapted  a  resonator 
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consisting'  of  a  paper  tube*  aboul  i;  inoli  in  tliainetn  ami  Sur 
lo  inchcs^loii^-.  Imrh  Inlu' is  tuami  to  the  Umk  in  ..uuut- 
tion  with  which  it  is  to  be  used  Ip  iiiserlin-a  cork  and  ainv^ 
in^-  it  until  the.  leuo-(h  of  flu'  int'losed  air  eolimui  issu.  h  as  t.. 
respond  to  the  fork.  It  will  I.e  found  that  the  .\  lesonalor 
will  respond  only  to  the  A  fork,  ami  the  (’  resouat<.r  udl 
rc-cnforcc  only  the  so\nid  of  tlu>  C  tork. 

In  all  these  eases  tin-  resonant  tube  or  eavit\  eoiie- 
sponds  ill  depth  to  about  oneapiarUa'  ot  a  uu\(‘  lenplh  o{ 
j)articular  sound  wldeh  it  is  adapted  to  te-euloiie.  I  he 
wave  proceed in}4'  from  tlu‘  sounding’ b  id)  strikesthe  liottoni 
of  the  resonant  chamber  and  is  relleeted  back  in  time  to  pto. 
ccctl  with  the  ollun-  half  of  the  wave  movin.^'  in  the  opposite 
direction,  i>'reatly  aui>-mentin.i;-  its  volume. 

'L'he  combination  of  two  series  ol  sound  wave-,  ina\  he* 
made  to  produce  sileiu't'  if  the  relation  <il  the  two  ‘.nies  he 
such  that  the  air  eondemsations  of  one  seiies  coim  idr  uitli 
the  rart‘fa(;t.ions  of  tlu'  other  series.  I’lds  may  be  tleumn 
St, rated  by  holdinj;' a  t iiniuL*- fot  k  over  its  a[tpi  opi  iatr  !r%n 
iiator  and  turning'  it  until  the  plant'  ot  viliration  of  (he  hnk 
is  at  an  aiij.;’k'  of  .(.5  '  witli  the  asis  oi  the  resonatmn  tnlie. 
By  plaein;j;’  tlu'  fork  in  llu'  same  position  o'lative  to  the  e.n, 
the  same  phenomenon  may  he  ohservetl  wit  hout  (he  i  rsonalm . 

MltSICAl.  M.AMl-.S. 

'riie  experinumts  ol  'rymiall  ami  oiliers  on  sotnidini^ 
Haines  are  so  interest inj4-  and  so  easili  lepeuted  udii  wn 
siiipile  a[)pliaiK'es,  that  iht'  slutlenl  ol  phvsies,  paftiinl.nh 
in  llu-  dejiartment  ol  aeouslies,  shouhl  no!  tail  to  lepe.i! 
them.  'I'lie  jiroduetion  of  musical  snumls  by  mr.itts  ot 
ilames  inclosed  in  resonant  tubes  is  espeeiaily  ea  .  Chit* 
form  of  this  experiment  is  illiist I'ated  by  Idf;.  isP 

For  the  mere  produetion  ol  sounds,  a  metal  lube  will 
answer,  but  lor  (he  analysis  ol  ilie  Hume  by  wldt'h  the  sound 
is  jiroduced,  a  ^’lass  tube  will  be  retjuiretk  t'his  tube, 
whether  of  nu'lal  or  f.^laNS,  nia)'  be  40  imiu's  hiU|,j  ant!  tuie 
inch  internal  diameter.  It  should  he  supported  in  a  li\esl 
vertical  ptisition  in  a  suitulile  siipptu’l,  a  Hitei  suppost,  ua 
cxanijile.  In  a  lowc'r  .'inn  tif  tlie  stippoi!  is  placet t  a  kiss 
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tube  thrce-cig'hths  inch  in  cliamctcr,  having’  its  upper  end 
drawn  to  a  small  circular  aperture,  whic;h  will  allow  suili- 
cient  gas  to  escape  to  form  a  pointed  llamc  about.  jA  inches 

Fie.  153- 


Productioa  ol  Sounding  FhiinoH. 


in  height.  'Phe  tube,  is  drawn  down  by  ht*ating  it  lu'ar  oiuj 
end  until  it  sofituis,  by  continually  turning  it  in  a.  gas  ilainc^ 
then  cpiickly  removing  it  from  the  llanit',  and  drawing  it  out. 
as  far  as  possible.  By  making  a.  niirk  with  a  tine  lile  in  oiut 
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side  of  t he  lul)i\  a(  a  point  w  liere  it  is  almat  oik- si\|fciit h 
inch  in  (lianieter,  tlie  tuhc'  inav  In-  hroken  Mpiaieh.  l(  niav 
then  l)c^  tried  as  a  hnrner.  11  the  liame  \ichlc'.l  tp  ^.is  at 
full  pressure  is  h\ss  tlian  two  inches  in  Icnpjh.  fhr  fuhr 
should  be  a^'ain  broken  oil  at  a  point  wheic  it  is  a  little 
lar”;er  in  diaineler,  and  it  the  openin,*;  happens  to  be  too 
lar<i;e,  it.  may  be*  rediu'ed  by  holding'  the  esttenie  end  ol  tin- 
tube  in  a  ”'as  llanu-  until  it  j tartly  tuses.  w  hen  it  w  ill  (  out i ai  t. 

'The  small  ^'lass  ttd)(‘  is  eoinu-eted  with  the  e.as  Mtpph, 
and  tlu'  jet  is  lij^'hted  and  inserted  t'entialU  in  f In-  iai lo-t 
tube,  and  moved  slowly  upwaril  in  the  tube  tintil  a  i  leai 
musical  note  is  heard.  It  the  llanie  is  Itdl  si/e.  the  n.tfe  will 
.1)0  the  fumhuneiilal  note*  ol  the  tube.  lU  tuuiiiu*  ott  f he  ipis 
so  as  to  make  the  llatue  thiec-  tourths  ttt  oJie  iin  h  IurIi.  .uid 
aj^ain  inserting;'  the  burner  in  the  tube,  a  point  will  be  touiul 
betw'een  its  former  position  and  the  lourt  end  o|  the  ftibr 
at  which  a  (mu'  of  hii-’her  pili  h  will  be  heaHl.  rids  is  out- 
of  the  harmonies,  if  the  buruet'  with  the  stuall  ll.uue  be 
carrical  further  tipward  into  the  tube,  a  point  will  be  tr.u  bed 
wdiere  both  t  lu*  fundanu'ntul  and  luu  im  >nii  w  ill  be  pj  ndm  r  d 
simultaneoush'.  'Flu'se  tones  are  piodtucil  b\  iapidl\  le 
currine-  vibrations  t)l  the  liame,  whieh  .iie  lenilrjed  nnifonn 
by  the  vibratory  period  ol  the  eolumit  o|  aii  <  tmtaiiic-d  in 
the  tube. 

'riicn;  are  1  wo  methods  ol  anal v/int:  these  tlaiues,  (  die 
consists  in  simply  shakint^  the  heath  or  (juit  kl\  tolling,  fhe 
cyes  from  sidt^  to  side,  thereby  eiiablinr,  flu-  e\e  to  leieivt- 
the  im[)ressions  of  tin*  sneeessiv  e  11, tines  iiitliifei  t-nf  positions 
on  (he  retina.  'Fhe  other  eonststs  in  \  tewing  the  iina^^e  ol 
the  Ihune  in  ti  revolving*  or  oseilktiiin^  inttjot.  lU  holdiiii' 
a  looking  f(lass  in  the  hand,  opposite  the  ll.nur,  as  showti  in 
the  enj4ravin|4.  and  tjseillatiti|4  tin-  i^lass,  w  h.if  .tppeats  to  in¬ 
ti  single  flame  in  (he  (idn*  will  he  shown  in  flu-  iniiioi  as  .1 
succession  of  llames  ol  like  Ituiu  eonnetted  at  ihrsi  bases. 

Another  way  ol  showing  the  peiiotlit  th.ii.ntei  of  the 
flame  consists  in  revoiviui;  ;i  disk  havinp,  .dfeniatinu,  ladi.d 
hands  of  black  tind  white,  in  pio\iini!i,  to  the  tube,  sf> 
that  the  disk  is  illuiniiiuted  only  by  tlir  lii^ht  ol  theinlei- 
mittent  Ihime.  When  the  disk  attains  a  pioprt  spc-c-il,  fhe 
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intermittent  illumination  will  cause  it  to  a})pear  stationary. 
This  beautiful  experiment  is  clue  to  Tocpler, 

By  employing  a  concave  mirror  instead  of  a  plane  one 
as  clescribecl  above,  the  image  of  the  llaine  ma}''  be  })rojected 
upon  a  screen. 

A  HTMrr.K  rnoNOdUAPir. 

This  instruinent,  which  is  shown  in  perspective  in  Fig. 
154,  in  section  in  Fig.  155,  and  in  plan  in  Fig.  has 
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A  SiiDplc.  Phonof'raph, 

a  mouthpiece,  A,  1,0  which  is  attached  a  Ihin  [erroty])C 
plate  diaphragm,  B,  by  means  of  a  good  cpiality  of  scaling 
wax  or  cement. 

Upon  the  outer  face  of  the  diaphragm,  and  at  oiiposite 
edges,  there  are  guides,  C  D,  for  receiving  the  wooden  si  rip, 
F.  These  guides  present  only  a  slight  bearing  surface  to 
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the  strip.  The  iifuiclc,  D,  is  rounded  to  n'tvivt*  tlu'  sprin|r, 
E,  which  ivS  secured  to  it  ])y  two  screws,  by  which  also  the 
sprinj^  is  adjusted  so  us  to  bt'ur  \vith  inori*  or  h‘ss  lorce  oti 
the  small  rubber  block  which  rests  upon  the  center  oi  the 
diaphragm. 

A  needle,  which  is  sharpeiu‘d  like'  a  k'ather  st'winij;'  net'- 
die  or  awl,  is  soldered  to  the  spr{ui>-,  and  is  located  diix'e'tly 
opposite  the  center  ol  tlu^  diaphra^an.  'The  ninth's,  t'  1), 
are  placed  so  that  the  median  line*  of  tlu*  strip,  I'h  is  at  one 
side  of  the  needle,  'rids  stri])  has  lour  slij^^iit  hniL^itudi- 
nal  j:»Tooves,  two  on  each  side,  which  arc*  made*  with  an 
ordinary  carj)enler’s  g'au.i>'e.  'I'ht'se  ^‘rooves  arc  locatt'd  so 
that  when  the  strip  is  moved  through  tin*  f^tddes,  otu'  or  tlu^ 
other  of  them  will  pass  over  the  lu’edle.  .A  jiice’c  ol  bees¬ 
wax  is  nd)l)ed  over  tlu'  sides  of  the  strij)  to  j^ive  it  an  adht'- 
sivc  coating  for  receiving  the  foil  used  in  recording  the 
sounds. 

Tlu^  foil,  which  should  be  rather  heavy,  must  lie  cut  into 
strips  wide  enough  It)  extt'ud  bt'vond  tin*  groo\'es  in  the 
wooden  strip.  'I'he  foil  is  laid  on  the  wooden  strip  and  bur¬ 
nished  down  with  the  thumb  nail,  so  that  it  will  adhere. 
The  .strip  thus  prepared  is  placed  in  the  guides,  ('  1).  and 
the  needle  is  adjusted  so  that  it  indents  the  toil  slightlv  as 
the  stick  is  moved  along. 

By  talking  in  the  mouthpiece,  and  at  the  same  titue  nioV“ 
ing  the  strij)  along  with  a  smooth,  .steady  motion,  tlu'  sounds 
arc  recorded  on  the  toil.  By  passing  the  strip  again 
through  the  guide's,  so  that  the  tieedle  traverses  the  same 
groove,  and  ajijilying  to  the  tnouthpiere  a  papei  luimel  or 
resonator,  the  souiuls  or  words  sjioketi  into  the  instrument 
will  be  rejiroducx'd.  It  is  even  jaissible  to  record  the  sounds 
on  a  plain  strij)  of  wood  so  that  tlu'v  mav  be  reproetmed. 
The  engraving  is  about  two-thirds  the  actual  si/e  ot  the 
instrument. 


TIIK  I'KKKKCTKl)  I'iK  )Xo!  ;UA PU. 

Ten  years  ago  a  young  man  wejb  into  the  oflice  of 
the  Scinitijir  Amcriaxn,  and  jjlaced  before  the'  editors  a 
small,  siinj)Ic  machine  about  which  very  b'W  predimiuary 


Fig.  157. 


152 


experimental  science. 


remarks  were  offered.  The  visitor  without  any  ceicmou} 
whatever  turned  the  crank,  and  to  the  astonishment  of  all 
present  the  machine  said:  “  Good  morning.  How  do  }ou 
do?  How  do  you  like  the  phonograph?  1  he  machine 
thus  spoke  for  itself,  and  made  known  the  fact  that  it  was 
the  phonograph,  an  instrument  about  which  inucli  was  said 
and  written,  although  little  was  known. 

It  was  the  latest  invention  of  Edison,  and  the  editors 
and  employes  of  the  Scientific  American  formed  the  hist 
public  audience  to  which  it  addressed  itself.  1  he  young- 
man  was  Mr.  Thomas  A.  Edison,  even  tlien  a  well  known 
and  successful  inventor.  The  invention  was  novel,  original, 
and  apparently  destined  to  hnd  immediate  application  to 
hundreds  of  uses.  Every  one  wanted  to  hear  the  wonderful 
talking  machine,  and  at  once  a  modified  form  of  the  original 
phonograph  was  brought  out  and  shown  everywhere,  amUvS- 
ing  thousands  upon  thousands ;  but  it  did  not  by  any  means 
fulfill  the  requirements  of  the  inventor.  It  was  scarcely 
more  than  a  scientific  curiosity  or  an  amusing  toy.  Edison, 
however,  recognized  the  fact  that  it  contained  the  elements 
of  a  successful  talking  machine,  and  thoroughly  believed  it 
was  destined  to  become  far  more  useful  than  curious  or 
amusing.  He  contended  that  it  would  be  a  faithful  steno¬ 
grapher,  reproducing  not  only  the  words  of  the  speaker, 
but  the  quality  and  inflections  of  his  voice ;  and  tliat  letters 
instead  of  being  written  would  be  talked.  He  believed  that 
the  words  of  great  statesmen  and  divines  would  be  handed 
down  to  future  generations ;  that  the  voices  of  the  world’s 
prima  donnas  would  be  stored  and  preserved,  so  that,  long 
after  their  decease,  their  songs  could  be  heard.  These  and 
many  other  things  were  expected  of  the  phonograph.  It 
was,  however,  doomed  to  a  period  of  silence.  It  remsained 
a  toy  and  nothing  more  for  years.  Finally  it  was  made 
knowm  to  the  public  that  the  ideal  phonograph  had  been 
constructed ;  that  it  was  unmistakably  a  good  talker ;  and 
that  the  machine,  which  most  people  believed  to  have 
reached  its  growth,  had  after  all  been  refined  and  improved 
until  it  was  capable  of  faithfully  reproducing  every  word, 
syllable,  vowel,  consonant,  aspirate  and  sounds  of  every  kind. 
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Dnriiii);’  the  dormancy  ol  tlie  pliono^ra] )h,  its  iin'ciitor 
secured  both  world-wide  lame  and  a  colossal  loiinnt'  by 
meaiis  of  his  electric  ]ii>'ht  and  ollu'r  well  known  invtailions. 
He  has  devoted  iinich  lime  to  the  phonoi^’rapli,  and  lias  not 
only  iierfected  t]\e  iuslrnment  ilsell,  but  has  c'slablislual  a 
lar<>-e  factory  provided  with  s])ecial  tools  lor  ils  inannhu'- 
tiire,  in  which  phonogTaphs  are  to  be  turned  out  in  grcait 
numbers. 

'Phe  original  iiistrninent  consists  ol  three  priiu'ipal  parts 
— the  mouthpiece,  into  which  sjieech  is  uttered;  the  spirally 
grooved  cylinder,  earrving  a  sheet  of  tin  loil  wbit'h  recc'ivt's 
the  record  of  the  inovements  of  tlu*  diaphragm  in  llu‘ 
mouthpiece;  and  a  second  mouthpiece,  by  which  the  speech 
recorded  on  the  cylinder  is  reiu'odnced.  In  this  insiruinent 
the  shaft  of  the  cylinder  is  jirovided  with  a  thread  of  tlu' 
same  ])itch  as  the  S])iral  on  tlu'  surlace  ol  tlu*  cylinder,  so 
that  the  needle  of  the  receiving  mouthpiect;  is  cmabltal  to 
traverse  the  surfat'e  of  the  tin  foil  ojiposite  the  groove  of 
the  cylinder.  By  carc-ful  adjustment  this  inslrumt'ut  was 
made  to  re]n'oduec  familiar  words  and  senlcmees,  so  that 
they  would  be  n'cogni/ed  and  mulei'stood  by  the  listcau'r; 
but  in  genc'ral,  in  the  early  i)honogra})hs,  it,  was  m‘cessary 
that  the  listener  should  hear  tlu*  sounds  uttered  into  the 
receiving  mout lipiece  ol  1  he  jihonograph  to  posit  ivi'lv  under¬ 
stand  tlu*  words  uttered  by  the  instrument. 

In  the  later  instrunu'uts,  such  as  were  ('xhibitt'd  through¬ 
out  the  country  and  the  world,  the  same  dinienlt)'  obtainc'd, 
and  perfection  of  articulation  was  sat'riPu't'tl  to  volume'  of 
sound.  'Phis  was  lU'ce.s.sary,  as  t.he  inst.runu'nt.s  were  exliib- 
ited  before  large  audienee.s,  where,  it  goes  without,  .saying, 
the  instrument,  to  be  entertaining  had  to  lu'  heard,  'I'hese 
instrunu'uts  luid  each  hut  one  mouthpiece  and  one  diaphragm, 
which  answered  the  double  ])urpose  of  n'ceiving  the'  sound 
and  of  giving  it  out  again.  Strangely  enough,  the  recently 
improved  phonograph  is  more  like  the  original  one  than  tiny 
of  the  olh(.;rs.  It  is  provided  with  two  mouthpieces,  one  for 
receivitig  and  one  for  re[)roducing. 

'Phe  new  phonograph,  whic;li  is  shown  in  h'ig.  157,  is  of 
about  the  size  of  an  ordinary  sc'wing  machine,  In  ils  am- 
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structioii,  it:  is  something  like  a  very  small  engine  latlic ;  the 
main  spindle  is  threaded  between  its  bearings,  and  is  pro¬ 
longed  at  one  end  to  reeeive  the  hardened  wax.  cylinder 
upon  which  tlie  sound  record  is  made.  Behind  the  spindle 
and  the  cylinder  is  a  rod  upon  which  is  arranged  a  slitle, 
having  at  one  end  an  arm  adapted  to  engage  the  screw  of 
the  spindle,  and  at  the  opposite  end  an  arm  carrying  a  ])iv- 
oted  head,  provided  with  two  diai)hrag-ins,  whose  positions 
may  be  instantly  interchanged  when  desirable.  One  of 
these  diaphragms  is  turned  into  the  position  of  use  when  it 
is  desired  to  talk  to  the  phonogra[)h,  and  wlien  the  speech 
is  to  be  reproduced,  the  other  diaphragm  takes  its  place. 
The  glass  diaj)hragm,  which  receives  tlie  speech  and  makes 
the  impressions  upon  the  cylinder,  is  shown  in  I'ig.  159. 
The  needle  by  which  the  im[)re.ssions  are  made  in  tlie  wax 
is  attached  to  the  center  of  the  dia})hragm,  and  pivotally 
connected  to  a  spring  arm  attached  to  the  side  of  the  dia¬ 
phragm  cell.  The  device  by  which  the  speech  is  repro¬ 
duced  is  shown  in  section  in  Tig.  160.  'Phe  cell  contains  a 
delicate  glass  dia])hragm,  to  the  center  of  which  is  secured  a 
.stud  connected  with,  a  small  curved  steel  wire,  one  end  of 
which  is  attached  to  the  tlia])hragin  cell.  'Phe  spindle  of  the 
])honogra])h  is  rotated  regularly  by  an  electric  motor  in  the 
base;  of  the  machine,  wliich  is  driven  by  a  current  from  one 
or  two  c:ells  of  battery.  'Phe  motor  is  ])rovided  with  a  sen¬ 
sitive  governor  which  c:auses  it  to  maintain  a  very  unilorm 
speed.  'Pht:  arm  which  carries  the  diaphragms  is  providc'd 
with  a  turning  tool  for  smoothing  the  wa.x  cylimler  [>]*epar- 
at.oiy  to  rec'eiving  the  sound  record. 

'Phc‘  first  operation  in  tlu'  use  of  the  machine'  is  to  bring 
the  turning  tool  into  action  and  c;ause  it.  to  traverse  the  cyl¬ 
inder.  'Phc' turning  tool  is  tlu'u  thrown  out,  the  carriage 
bearing  the  diaphragms  is  rc;turned  to  the  position  of  start¬ 
ing,  the  rt'cciving  diaphragm  is  placed  in  the  [lositiou  ol 
use',  iind  as  the'  wax  erylinde'r  re'volve's,  the'  diapliragm  is 
vibrated  by  tlu*  sound  wave's,  thus  moving  the  ne'e’dh'  so  as 
to  e'ausc  it  to  e'ut  into  the  wax  e:ylinde'r  eind  produce'  inde’ii- 
talions  which  e:orn'Spond  to  the'  movements  of  t.he  dia- 
jihragm.  After  the'  ree'orel  is  made',  the  e'arriage  is  agai*; 
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the  indt'nialions  of  (lu‘  wax  cylinder,  the  rcjn’uditcini^  din- 
])hra^m  is  nuido.  to  vibrate  in  a  niniuuT  similar  to  that  sd  tlir 
rcccivinfj;'  dia])hnif(m,  tlun’cby  iuitlilullv  rcprndtuaiii^  the 
sounds  iitlcrc'd  into  the  receiving  mouthpiciax 

A  crucial  lest  of  the  c'ai)abilities  tif  (his  machine  was 
rcccul ly  made  ill  our  presmiee,  at  halisoii's  lahoratorv,  near 
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Llewellyn  Park,  Orange,  N.  J.  A  paragraph  from  the  m(n-n~ 
ing  newspaper  was  read  to  the  maehine  in  oiir  absence',  and 
when  upon  onr  return  to  the  instriiincnt  it  was  reproduced 
phonographically,  every  word  was  distinctly  understood, 
although  the  names,  localities,  and  the  circumstances  men¬ 
tioned  in  the  article  were  entirely  new  and  strange  to  us. 
Another  test  of  the  perfection  of  the  machine  was  tlie  per¬ 
fect  reproduction  of  whistling  a.nd  whispering,  all  the  imper¬ 
fections  of  tone,  the  lialf  tones  and  modulations  even,  being 
faithfully  reproduced.  The  perfect  perhu'inance  of  the  new 
instrument  dci)ends  upon  its  mechanical  perfct;tioii-~ui)on 
the  regularity  of  its  speed,  the  susceptibility  of  tiie  wax  cyl¬ 
inder  to  the  impi-essions  of  the  needle,  and  to  the  delieaey 
of  the  speaking  dia[)hragni.  No  attempt  is  madt;  in  this 
instrument  to  secure  loud  speaking— distinct  articulation 
and  perfect  intonation  have  l)een  the  principal  ends  sought. 

A  highly  magnified  section  of  tiie  ])honograph  cylinder, 
showing  the  indentations,  is  illustnit.ed  in  Ib’g.  i6i  ;  A  rc'pre- 
vsenting  a  section  of  the  face  of  the  cylinder,  H  a  transverse 
section  of  a  portion  of  the  cylindrical  wax  shell,  and  C' 
showing  a  less  magnified  face  view  of  a,  small  portion  of  the 
cylinder. 

The  new  phonograph  is  to  be  used  for  taking  diclation 
for  taking  testimony  in  court,  for  i'epf)rting  s[)eeches,  for 
the  reproduction  of  vocal  mu.sic,  for  teaching  languages,  for 
correspondeiuH',  for  civil  and  milit.ary  ordc'.rs,  for  reading  to 
the  sick  in  hospitals,  and  for  various  other  purposes  too 
numerous  to  mention. 

Imagine  a.  lawyer  dictating  his  brief  to  one  of  these  litt  le 
machines;  he.  may  talk  as  ra[)idly  as  he  choostts,  every  word 
and  syllable  will  be  caught  u])on  t.he  delicate',  wax  cylinder, 
and  alter  his  brief  is  complete  he  may  transfer  the  wax  cyl¬ 
inder  to  the.  phonograph  of  a.  copyist,  who  may  listen  to  the 
words  of  the.  phonograph  and  write  out  the  manusc:ri[)t . 
'Fhc;  instrument  may  be  stopped  and  start cul  at,  pUxisure,  and 
if  any  port  ion  of  the  s[)ec;ch  is  not  understood  by  tlu'  t  ran¬ 
scriber,  it  may  be  rc:peated  as  often  as  necessary. 

In  a  similar  manner  a  compositor  may  set  his  type  directly 
from  the  dictation  of  the  machine,  witlumt  the  necessity  of 
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^'copy,”  as  it  is  now  known.  Mr.  Edison  says  that  the 
whole  of  “Nicholas  Nickleby  ”  could  be  recorded  upon  four 
cylinders,  each  4  inches  in  diameter  and  8  inches  long,  so 
that  one  of  these  instruments  in  a  private  circle  or  in  a 
hospital  could  be  made  to  read  a  book  to  a  number  of  per¬ 
sons.  This  is  accomplished  by  means  of  a  multiple  earpiece. 

The  little  wax  cylinders  upon  whfch  the  record  is  made 
are  provided  with  a  rigid  backing,  and  the  cylinders  are 
made  in  different  lengths  ;  the  shortest — one  inch  long — hav¬ 
ing  a  capacity  of  200  words,  the  next  in  size  400  words,  and 
so  on.  These  cylinders  are  very  light,  and  a  mailing  case 
has  been  devised  which  will  admit  of  mailing  the  cylinders 
as  readily  as  letters  are  now  mailed.  The  recipient  of  the 
cylinder  will  place  it  on  his  own  phonograph  and  listen  to 
the  phonogram — in  which  he  will  not  only  get  the  sense  of 
the  words  of  the  sender,  but  will  recognize  his  expression, 
which  will,  of  course,  have  much  to  do  with  the  interpreta¬ 
tion  of  the  true  meaning  of  the  sender  of  the  phonogram. 

Fig.  158  is  a  life-like  picture  of  Mr.  Edison  photo¬ 
graphed  while  he  listened  to  his  first  phonogram  from 
abroad. 

A  very  interesting  and  popular  use  of  the  phonograph 
will  be  the  distribution  of  the  songs  of  great  singers,  ser¬ 
mons  and  speeches,  the  words  of  great  men  and  women, 
music  of  many  parts,  the  voices  of  animals,  etc.,  so  that  the 
owner  of  a  phonograph  may  enjoy  these  things  with  little 
expense. 

It  may  even  be  pressed  into  the  detective  service  and 
used  as  an  unimpeachable  witness.  It  will  have  but  one 
story  to  tell,  and  cross  examination  cannot  confuse  it. 

REFLECTION  AND  CONCENTRATION  OF  SOUND. 

The  particular  action  of  sound  to  be  dealt  with  here  is 
that  of  reflection,  examples  of  which  are  presented  in  every 
echo  ;  and  whispering  galleries  are  but  the  exhibition  of  the 
same  thing,  although  more  rare.  A  few  of  them  have  a 
world-wide  reputation. 

In  his  article  on  sound  in  the  “Encyclopaedia  Metropoli- 
tana,”  Sir  John  Herschel  mentions  the  abbey  church  of  St. 
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Albans,  where  the  tick  of  a  watch  may  be  heard  from  one 
end  of  the  edifice  to  the  other.  In  Gloucester  Cathedral  a 
gallery  of  octagonal  form  conveys  a  whisper  75  feet  across 
the  nave.  In  the  whispering  gallery  of  St.  Paul's  the  faint¬ 
est  sound  is  conveyed  from  one  side  of  the  dome  to  the 
other,  but  is  not  heard  at  any  intermediate  point.  The 
dome  of  the  capitol  at  Washington  is  an  excellent  whisper¬ 
ing  gallery.  These  effects  are  due  to  an  accidental  arrange¬ 
ment  of  the  walls. 

Sails  of  ships  are  sometimes  inflated  by  the  wind  so  that 
they  act  as  concentrating  reflectors  of  sound.  Arnott  says 
that  in  coasting  off  Brazil  he  heard  the  bells  of  San  Salva¬ 
dor  from  a  distance  of  no  miles,  by  standing  before  the 
mainsail,  which  happened  at  the  time  to  assume  the  form  of 
a  concave  reflector,  focusing  at  his  car. 

Sounds  may  be  received  and  reflected  by  means  of 
metallic  parabolic  reflectors,  so  that  many  times  the  volume 
of  sound  that  naturall}^  strikes  the  ear  will  be  concentrated^ 
rendering  sounds  audible  that  might  otherwise  be  too  distant 
or  too  faint  to  be  heard.  Such  reflectors  of  necessity  have  a 
fixed  form,  and  are  available  under  certain  conditions  only. 
The  accompanying  engraving  (Fig.  162)  represents  a  sound 
reflector  that  may  be  focused  as  readily  and  directed  as 
easil}^  as  a  telescope.  It  is,  in  fact,  a  portable  and  adjustable 
whispering  gallery,  having  many  useful  applications. 

The  instrument  is  very  simple,  consisting  essentially  of 
an  airtight  drum,  one  head  of  which  is  rigid,  the  other  elas¬ 
tic.  This  drum,  or  more  properly  reflector,  is  mounted  on 
pivots  in  a  swiveled  support,  and  is  provided  with  a  flexible 
tube  having  a  mouthpiece  and  stop  cock  at  its  free  end.  Two 
wires  are  stretched  across  the  face  of  the  reflector  at  right 
angles  to  each  other,  and  support  at  their  intersection  a  small 
plane  mirror,  the  office  of  which  is  to  determine  the  posi¬ 
tion  of  the  reflector  in  relation  to  the  direction  of  the  sound. 
A  small  ear  trumpet  or  funnel,  which  is  shown  on  the  table, 
is  used  in  connection  with  the  reflector,  to  increase  its  effect 
by  gathering  portions  of  the  sound  that  might  escape  the 
unaided  ear. 

The  reflector  is  adjusted  by  looking  through  the  ear 
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trumpet  toward  the  small  plane  mirror,  and  moving  the 
sound  reflector  until  the  source  of  sound  is  seen  in  the  mir¬ 
ror.  The  reflector  is  then  focused  by  exhausting  the  air 
from  behind  the  flexible  head  until  the  required  degree  of 


concavity  is  reached,  which  will  be  when  sounds  are  dis¬ 
tinctly  heard  in  the  ear  trumpet.  The  air  is  readily 
exhausted  from  the  reflector  by  applying  the  mouth  to 
the  mouthpiece.  The  details  of  the  construction  of  the 
apparatus  are  shown  in  the  engraving. 
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Of  course,  the  openition  of  the  iiistruiueni  may  he 
reversed — that  is,  sounds  made  at  the  focus  of  tiu'  relied  or 
may  be  projected  in  parallel  lines  over  loui;-  dislamres,  hut 
in  practice  a  speaking'  trumpet  is  found  (o  he  hetUn-  lor  I  his 
purpose.  The  engraving  shows  but  one  of  the  ap[)licafious 
of  the  reliector.  It  would  be  a  simple  malttu'  lo  provide 
for  a  deaf  person  an  instrument  on  this  j)rinciplc.  It  could 
hang  on  the  walls  of  the  parlor  unnoticed,  as  it  might  lake 
the  form  of  a  richly  framed  picture,  and  would  concc'ul  rat 
a  great  volume  of  sound  at  a  single  point,  'hhe  same  device 
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Rrllcction  uf  ;iiul  Souml. 

may  ahso  he  applied  to  an  auditorium  lo  {)r()jt'c;t  tlie.  voic'c  of 
the  si)eaker  in  an)^  recpiinul  direchiou. 

To  concentrate  and  project  light,  heat,  aiul  sfuuid  hv 
means  of  concave  mirrors  is  generally  suppostnl  to  lu'cessi- 
tatt!  the  usc!  of  expensive  parabolic  mirrors,  artic:lc'S  praeti- 
cally  out,  of  the  rea.ch  of  ainattuir  experimenters,  juul  not  to 
be  found  in  evc;ry  instituticni  of  learning.  To  pei’form  most 
of  the  experiments  possible  with  c'oneave-  mirrors,  (he  spun 
metal  relied ors  used  in  large  lamps  answer  exceedingly 
well.  The  projection  of  imag’cs  and  t.he  acumrate  (hUtuani- 
nation  of  the  foci  are  the  only  experiments  iin[)ossible  with 
such  reflectors.  The  largest  size  to  be  found  ready  made  is 
10  inches  in  diameter,  with  a  principal  focus  of  about  <S  or  () 
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inches.  The  price  is  $1.50  per  pair.  To  prepare  them  for 
use,  two  common  wood  screws  are  secured  to  them  at  dia¬ 
metrically  opposite  points,  the  heads  of  the  screws  being 
soldered  to  the  edges  of  the  mirrors,  so  that  the  screws  pro¬ 
ject  radially.  Each  mirror  is  provided  with  a  stand  formed 
of  a  base  and  two  uprights.  The  wood  screws  project 
through  the  uprights,  and  are  provided  with  wooden  nuts. 

To  facilitate  the  experiments  to  be  performed  with  the 
concave  mirrors,  two  or  three  small  stands  are  required.  It 
is  desirable  that  these  stands  be  made  adjustable.  If  noth¬ 
ing  is  at  hand  that  will  answer  the  purpose,  a  very  good 
adjustable  stand  may  be  made  by  soldering  a  disk  of  tin  to 
the  head  of  a  4  inch  wood  screw,  and  inserting  the  screw  in 


Fig.  164. 


a  short  column,  as  shown  in  the  engraving.  A  paper  trum¬ 
pet,  8  inches  in  diameter  at  the  larger  end  and  2  feel  in 
length,  is  useful,  and  a  rubber  tube  having  a  small  funnel 
at  one  end  and  an  ear  piece  at  the  other  end  is  necessary. 

To  show  the  concentrating  power  of  one  of  these  com¬ 
mon  reflectors,  place  it  so  that  its  concave  surface  faces  the 
sun.  Then  place  a  piece  of  dark-colored  cloth  in  the  focus. 
It  is  at  once  ignited. 

Place  two  reflectors,  A  B,  4  or  5  feet  apart,  with  their 
concave  surfaces  facing  each  other,  as  shown  in  Fig.  163. 
Place  a  short  candle  on  the  stand,  D,  so  as  to  reflect  a  par¬ 
allel  beam  that  will  cover  the  reflector,  B,  as  nearly  as  possi¬ 
ble.  Then  place  a  watch,  E,  in  the  focus  of  the  reflector,  B, 
upon  the  stand,  F.  Now  hold  the  funnel,  C,  with  its  mouth 
facing  the  reflector.  A,  and  immediately  behind  the  candle,  or, 
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■better,  remove  the  candle  and  place  the  funnel  in  the  position 
formerly  occupied  b}^  the  candle  flame.  With  the  funnel  at 
this  point  the  ticking-  of  tlic  watch  will  be  distinctly  heard, 
but  a  slight  movement  of  the  funnel  in  cither  direction  will 
render  the  ticking  inaudible.  This  experiment  shows  that 
the  laws  governing  the  reflection  of  light  and  sound  are  the 
same. 

In  Fig.  164  the  use  of  the  trumpet  in  connection  with  a 
concave  reflector  is  illustrated.  The  rellcctor,  A,  is  adjusted 
to  the  trumpet,  B,  by  means  of  the  light  of  a  candle  placed 
■on  the  stand  in  the  focus  of  the  reflector.  Afterward  the 
■candle  is  replaced  by  the  watch.  With  this  arrangement  the 
watch  may  be  heard  twenty  or  thirty  feet  away. 

TREVELYAN  UOUICER. 

This  apparatus  consists  of  a  short  piece,  A,  of  lead  ])ipc, 
.about  an  inch  in  diameter,  and  a  piece,  B,  ot  thick  brass 
tubing,  about  -I;  inch  outside  diameter  and  five  or  six  inches 
long.  The  lead  pipe  is  flattened  a  little  to  keep  it  from  roll¬ 
ing,  and  the  surface  along  the  side  which  is  to  be  upper- 


Fkj.  165. 


Trt:vely:in  Rockesr. 


most  is  scraped  and  smoothed.  The  brass  tubing,  B,  is 
filed  thin,  upon  one  side,  near  one  end,  and  the  thin  jiarf 
is  driven  in  witli  the  pein  ol  a  hammer  or  a  punch  so  as 
to  leave  the  longitudinal  ridges,  a  a,  as  shown  in  the  end 
view  in  Fig.  165. 

When  the  brass  tube  is  heated  and  ])laced  across  (he 
lead  pipe,  as  shown  in  Fig.  165,  with  the  ridges,  a  a,  in 
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contact  with  the  Icati  pipe,  the  brass  tnlu-  brains  id  rock, 
invisibly,  nl  ('unrse,  but  with  suHieienl  eiuar^v  td  pivc  hatli 
a  ckiar  nuisieal  note.  11  it  diu-s  tmt  stall  dl  iisclt,  a  litth- 
jarrini;'  will  st'l  if  .^'oiiiij;’.  ami  it  will  cdtiliniie  t<t  i4i\e  Iditli  its 
sound  for  some*  time. 

'Phe.  atu'cpti'd  explanation  ol  this  phentHurnon  is  tiuit  fin- 
contac;t  of  flu*  hot  brass  with  tlu'  haul  causes  the  lead  to  sud- 
dcnly  expand  and  project  a  inierdseojiie  distanre  upuard. 
riu'sc  upward  projtalions  ol  the  haul  alternate  betui’iai  the 
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A 

H.ir, 


(w'o  points  ol  eoufaef,  and  thus  «  ause  tlir  fiibr  to  idck  wiih 
jj^nait  rapidity  and  re|4idant\. 

In  h'ifj;'.  is  shown  a  inoditu  ation  ol  tin-  «'\pri  imrut,  in 
\vhic:h  the  haul  is  iiu  lenle* !  to  toi  in  f  lie  I  u  « i  i  ouiat  I  -.11 1 1  at  rs„ 
A  c/,  and  the  luaited  bar,  H,  is  inatle  to  on  k  at  a  ittuipaia 
liv-elyslow  rab'.  |4ivin^  birth  a  ui*U\  Ih  lairiiiifnan 

ipulation,  the  bar  inav  be  madf  to  ouk  bof!i  lou-ptudinaflv 
and  latenilly,  thus  i;tvini*  loith  ailuflimu  t  Minlnnatma  ol 
the  two  sounds. 

RKl'U  \t  I  !o\  « »l  s»  »l  'Ms 

In  h'i^s.  It)"  and  loS  is  dhist i abal  an  ad|ustal»lr  h-iis  for 
showing  the  relraetion  o!  soutul.  llir  liamr  of  ihr  Irijs 
con.sists  of  thnu*  la  inch  liu^s  oi  lai|4f  uiin.  sdidfir'tl  to 
^elher  so  as  to  lonn  a  sin^^le  uitir  liiiij  wtlii  tw«*  i  lo  uinfrt 
ential  i^rooves.  In  tin*  reutia!  part  of  flit*  1114;,  at  tlir  hot 
tom,  is  inserted  a  standai  d,  and  in  fht'  top  i\  inseifrd  a  shojt 
metal  tube.  Over  the  etl^es  of  the*  riinj  41**  stirb  heti  disks 
of  the  thinnest  elastic  ndiiier,  u  IdOi  aic*  sritiird  bv  a  stout 
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thread  wound  around  the  edti^cs  ol  the  rubber,  clain])in|j^ 
them  in  the  j^rooves  of  the  rinj2^. 

By  inflating'  the  lens  through  the  tube  with  carbonic  acid 
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gas,  it  may  be  focused  as  desired.  A  watch  ])laced  at  the 
focus  upon  one  side  of  the  lens  can  bo  distinct ly  luaird  at  the 
focal  point  on  the  ()p})0.site  side  of  the  lens,  when  it  can  lx; 
heard  only  faintly  or  not  at  all  at  points  Fh;  16H. 
■only  slightly  removed  from  the  focus,  thus 
showing  that  tlie  sound  of  the  ticking  of 
the  watch  has  been  refracted  by  the  lens  in 
much  the  same  maimer  as  light  is  refractc'd 
by  a  glass  lens. 

sFNsrrrvK  klamf.s. 

'Phe  sensitive  Hanie,  lirst  observed  by  T)r, 

Le  Conte  and  afterward  (level(^])ed  by  Pyn- 
<IaU  and  Barrett,  exhibits  soiiu^  of  the  curious 
effects  of  sound.  For  its  iiroduction  it  is 
necessary  tluit  the  gas  be  uiulcr  a  pressure 
eciual  to  that  of  a  column  of  water  six  or  u  .•  l.  • 
eight  inches  high.  1  he  common  inethral  r,(.„s 
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of  securing’  the  required  pressure  is  to  take  the  gas  from  a 
cylinder  of  compressed  illuminating  gas,  such  as  is  used 
for  calcium  lights.  Another  method  is  to  take  the  gas  from 
a  weighted  gas  bag,  and  still  another  is  to  fill  a  sheet 
metal  tank  with  gas  and  displace  it  with  water  in  the  man¬ 
ner  illustrated  in  Fig.  170.  The  burner  is  shown  at  i,  2,  and 

3,  Fig.  169.  It  consists  of  a  small 
tip  inserted  in  the  end  of  a  suit¬ 
able  tube.  The  tip  in  the  pres¬ 
ent  case  is  made  of  brass,  but 
those  commonly  used  for  this, 
purpose  are  of  steatite.  'The}’’ 
are  superior  to  the  metal  ones,, 
but  require  careful  selection. 

It  has  been  found  that  some 
of  the  lava  pinhole  burner  tips 
used  in  certain  kinds  of  gas- 
stoves  answer  admirably  for  this 
purpose,  and  cost  very  little. 
A  tip  with  a  round,  smooth  hole 
is  to  be  selected.  The  bore  of 
the  tip  is  here  shown  tapering.. 
Its  smaller  diameter  is  0-035 
inch.  The  burner  is  supported 
in  the  manner  shown  at  i  and  2, 
^  -  or  in  any  other  convenient  man- 

K  5  ner,  and  gas  under  a  suitable 

fW  pressure  flows  through  and  is. 
o  ignited.  The  flame  will  be  tall 

and  slender,  as  shown  at  i.  By 
regulating  the  gas  pressure  care- 
Burner  for  Sensitive  Flame.  fully,  an  adjustment  will  be 

reached  at  which  the  flame  will 


Burner  for  Sensitive  Flame. 


be  on  the  verge  of  flaring.  A  very  slight  increase  of 
pressure  beyond  this  point  will  cause  the  flame  to  shorten 
and  roar.  When  the  flame  is  at  the  point  of  flaring,  it  is. 
extremely  sensitive  to  certain  sounds,  particularly  those  of 
high  pitch.  A  shrill  whistle  or  a  hiss  will  cause  it  tO' 
flare.  The  rattle  of  a  bunch  of  keys  will  produce  the 
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same  result.  It  will  respond  t(.)  every  uclc  oi  a  watcii  ncld 
near  it. 

Tyndall  says  that  when  the  gas  pressure  is  increased  be¬ 
yond  a  certain  limit,  vibrations  arc  set  up  in  the  gas  jet  by 
the  friction  of  the  gas  in  the  oriticc  of  the  burner.  These 
vibrations  cause  the  llame  to  quiver  and  shorten.  When 
the  flame  burns  steadily,  any  sound  to  which  the  gas  jet  will 
respond  will  throw  it  into  sympathetic  vibration.  Experi- 

Fig.  170. 


Appanaus  (or  producing  Gas  Pressure  for  (.he  Sensitive  Flame, 

ment  has  demonstrated  that  the  seat  of  sensitiveness  of  the 
flame  is  at  the  base  of  the  Hamc,  al.  the  orifice  of  tlie  burner. 

The  method  of  producing  the  required  gas  pressure 
illustrated  in  Fig.  170  is  available  when  gas  bags  or  cylinders 
of  eonipresscd  gas  are  not  to  be  liad.  yV  tin  cylinder  of 
about  15  gallons  capacity  is  provided  at  the  top  and  bottom 
with  valves.  The  lower  valve  is  connected  with  a  hydrant, 
and  tlic  cylinder  is  filled  with  water,  vvdiilc  the  upper  valve 
is  left  open  to  allow  of  the  escape  of  air.  When  the  cylin- 
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(U'r  is  tilk-d  with  w  atcr,  t  lu*  supplv  !'•  ^hinl  ttltaiu!  a  fiihc* 
1  Voiii  a  14'as  huriu'r  is  <  t imicct t*t I  \\  i I  h  tin  ii [ i[ ua  \  a  1  \  »•  am !  uir 
i!,'as  is  1  urinal  ( )n,  riuai  tlu'  watta  isaUi'wril  Iim  m  aju’  iinui 
the'  cvlliuka',  tlua’cliv  ilrauiii^'  iit  tlir  a.a^.  W'luai  llu’  i  \  Hit 
cka' is  Hik'd  with  i^'as.  (He  \'al\('s  an-  ehiM-tl  and  flu-  htui  i 
OIK*  is  ap,'aiii  t'c miu'ctc'd  with  (lie  H\diaul.  u  Idle  flu-  tipjin 
Dili'  is  (.loniu’Clcd  with  tlu*  piiiHnlc  Hiiim-i.  llu-  \al\i's  tut 
t lu'  cylinder  are  a^aiii  I ij it'Ufi  1  am  1  ualei  is  adiuiitiil  ai  (He 
rale  rec|uired  to  iirtuluee  (He  desited  e.a-.  j  a  e'.*ait  t  .  (  )u.\  lu,, 
jirc'caiil  i(  )iis  arc'  nec'c'ssaia  in  ( His  i-vpt 'i  iim'iit  ;  itue  is  (ttacniil 
a  mixlurcMiI  air  and  Ljcas  in  ( He  e\  lindei  H\  diiviu^  luit  all 

(He  ail,  (He  ii(Hei  is  fit 
(He  s(  t ainiue,  el  (He  >  \  iindej 

ah  1)\'  wali'i  I'tessuie. 

/•m  AuttiHei  sensitive  il.uue, 

wliieh  Hasseveial  adv  aiUaia'*. 
(i\ei  (He  itiie  di'st  nlietl,  is. 

and  !(  is  tm  u  e  i  eat  HI  \  « i  ui 

(itilleil  (Han  tlse  (all  ie(.  It 
was  {listuveua!  li\  Ml.  l*iiiH|» 
} Hn  I  \ ,  and  ( In  di*.<  n\  ei  t a 
led et  (n  M I .  Id  iidail  »  <  uu  ei  »i 
in^  it  is  liumd  in  Id  udairs 
Scnsiiivi'  Flumr  with  da*,  at  wmk  etj  stunul.  In  the  juo 
Ouliiiiuy  I’u's.siuf,  tliuiiiin  «t!  fldsllauir  a  |Utlh»4r 

hiirnc'!’,  like*  that  alreadr  dest  t  iked,  is  e!n|iit »v  «■»!,  I'-a*! 

Inc:Iu'S  above  the  Hnrnei  is  sujijiuitnf  a  |ui  i  r  »«!  me  .lt 
wire  ^anze,  tdxnit  t*  iuehes  stjiiate.  I  lie  e.as  i%  tmned  tut 
and  lit  above*  the'  wire  yau/e.  If  hitins  m  a  iiutita!  flans*  , 
wHitdi  is  yellow  ;il  the  lop  ami  bine  at  the  li.e.t  ,  U*Hen  the 
jXas  prc'ssure  is  st  ron|4‘,  flu*  liaine  i  oat  *.  m  *nt  inm  msh  .  W'Hm 
tin*  m'as  is  turned  oil,  so  as  to  stop  (He  soatin;*  allt n**'! lu  i , 
the*  llainc*  burns  steadily  aitd  eshibifs  no  smue  srmaf  iv  ene-.-. 
than  an  ordinary  llame.  Hv  Ittrtiin?.'  on  the -as  -.lou  h  as»d 
steadily,  a  critietd  point  uHli  He  teat  bed  .if  «lm  li  an\  Iu'-sish,'; 
noise  will  entise  it  to  roar  and  beeoiur  iton  Htsittitt *m,.  Anv 
dt'^rt*'*  of  sensitiveness  may  He  adaiiu'ti  So,  tairinl  adinsd 


Scnsilivi'  Fluinr  with  da*,  at 
Ouliiiiuv  Ihi's.siUf, 
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mcnt  of  the  £^as  supply.  A  quiet  room  is  rccpiircd  for  this 
ex'periment.  The  rustic  ol  chhhes,  the  ticking-  of  a  clock,  a 
•whisper,  a  snap  of  the  finger,  the  clroiipiiig  of  a  pencil,  or  in 
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lact  almost  any  noise,  will  cause  it  to  drop,  become  non- 
luminous,  and  roar.  It  dances  })erfect  time  to  a  tunc  whistled 
stairaio  and  not  too  ra])i(lly. 

The  ilame  at  its  base  presents  a  large  surface  to  the  air, 
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SO  that  any  disturbance  of  the  air  sets  the  flame  in  active 
vibration. 


A  SIREN  FOR  MEASURING  VELOCITIES. 

In  this  instrument  advantage  is  taken  of  the  well  known 
fact  that  for  every  tone  a  resonator  may  be  provided  that 
will  respond  to  and  re-enforce  the  vibrations  producing  that 
tone.  The  length  of  a  closed  resonant  tube,. is  one-fourth 
that  of  the  sound  wave  to  which  it  responds.  The  length 
of  an  open  resonant  tube  is  one-half  that  of  the  sound  wave 
to  which  it  responds.  It  is  obvious  that  a  telescopic  tube 


Fig.  174. 


Details  of  the  Siren. 


may  be  adjusted  to  respond  to  different  pitches.  Knowing- 
the  number  of  vibrations  required  per  second  to  produce  a 
certain  pitch,  it  is  comparatively  an  easy  matter  to  deter¬ 
mine  the  rate  of  any  series  of  regular  air  vibrations  by- 
adjusting  the  tube  to  such  a  length  as  to  cause  it  to  respond 
to  the  vibrations. 

In  Fig.  172  is  shown  a  resonant  tube  supported  over  a 
small  fan  wheel.  The  fan  has  ten  blades,  so  that  during  one 
revolution  it  sends  ten  puffs  of  air  up  the  tube.  By  gradu¬ 
ally  increasing  the  velocity  of  the  fan  a  speed  will  be  reached 
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at  which  the  tube  yields  a  low  but  distinct  musical  tone.  If, 
for  example,  this  tone  corresponds  to  middle  r,  it  is  known 
that  261  puffs  of  air  are  made  in  the  tube,  and  that  since 
there  are  ten  blades  to  the  fans,  the  number  of  revolutions 
of  the  fan  shaft  must  be  ebi-MO—cb-i  per  second,  or  1,566 
revolutions  per  minute. 

In  Fii>-.  173  is  illustrated  a  siren  constructed  on  this  prin¬ 
ciple.  The  parts  of  this  instrument  are  shown  in  detail  in 
Fig-.  174.  It  consists  of  a  circular  casing  containing-  a  ro¬ 
tary  -fan  which  draws  in  air  at  the  center  and  discharges  it 
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throiigli  an  opening  in  the  top  of  the  casing.  'Tlie  blades  of 
the  fan  are  arranged  radially  upon  ()])[)osite  .sides  of  the  disk, 
and  the  fan  is  encircled  b}^  a  perforated  rim,  which  Ills  the 
circular  casing  and  acts  as  a  valve  in  controlling  the  escape 
of  air.  'I'he  jierforatious  of  the  rim  corrcsjxmd  in  number 
and  position  with  the  fan  blades. 

The  discharge  opening  of  the  casing  is  provided  with  a 
socket  for  receiving-  a  re.sonator.  'Phe  re.sonator  shown 
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in  Fig.  173  consists  of  a  pair  of  tubes  made  to  slide 
telescopically  one  within  the  other,  the  inner  one  being 
graduated  to  indicate  the  different  lengths  required  for  dif¬ 
ferent  pitches,  and  consequently  for  different  speeds.  As 
the  fan  revolves,  the  air  drawn  in  through  the  holes  at  the 
center  of  the  casing  is  thrown  outward  by  centrifugal  force, 
thus  maintaining  a  pressure  of  air  at  the  periphery  of  the 
fan.  The  holes  in  the  rim  of  the  fan  allow  the  air  to  escape 
in  regular  puffs,  the  frequency  of  which  depends  upon  the 
velocity  of  the  fan.  These  puffs  produce  sounds  varying  in 
pitch  and  intensity  with  the  speed  of  the  fan,  and  tlic  reso¬ 
nating  tube  re-enforces  the  particular  note  to  whicli  it  is 
tuned,  so  that  when  a  speed  is  reached  corresponding  with 
the  adjustment  of  the  tube,  the  fact  is  known  by  the 
superior  strength  of  that  particular  note.  Any  change 
of  speed  may  be  detected  by  the  lessening  of  the  intensity 
•of  the  sound  and  the  change  of  pitch. 

The  siren  is  shown  in  Fig.  175  in  connection  with  me¬ 
chanism  for  driving  it  b}^  hand.  It  is  provided  with  a  rev¬ 
olution  counter  and  with  a  trumpet-shaped  resonator.  It  is 
designed  to  be  used  in  the  same  manner  as  tlie  siren  of 
Cagniard  Latour,  and,  like  that  instrument,  it  yields  sounds 
tinder  water. 


KxiierinumlH  witli  tlui  .Sciiiniilic.  Top. 

point  on  at;coun(  of  iJio  rt'lailon  of  its  subjcc'l:  inallt'.r  to  ilui 
l)rt*c‘t'(iinj4;  and  suctu'cdinf^  (;Iiai)1c‘rs. 

I  he  ability  (jI  the*  heavy  (op  to  run  lov  a  lonjji;'  tinu'  and 
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niaiiitiiiii  aii  c([iki1)1c  motion  rmultTs  it  part ifuiarl\*  scrvii'c*- 
able  in  oxpcriuu'.nts  rtHpiifin.i;' imiltinnit  v  ol  aolion. 

rwo  ex])eriments  in  sound  are  illustrated:  t,  lUati'  111, 
showiiifjj'  the  adaptation  oi  a  simple  sirmi  tt»  the  top,  and  J, 
PUil.c  111,  Savart’s  udiei'l.  'I'he  siren  i-onsists  ot  a  disk  ol 
pasteboard,  Ivaviiii;-  four  ec'c'entrie  rows  ot  .pH  iueh  holes, 
there  beijig’  i~  holes  in  tht‘  inner  row,  15  iu  the  next,  iH  in 
the  next,  and  24  in  tlu:  outei'  row.  I  he  disk  is  varnisht'd 
with  shellac  to  render  it  waterprooh  It  is  mounted  cm  a 
•chuck  fitted  to  the  taiierinf;’ hole  of  the  top  ^piiulle.  When 
the  disk  is  ra[)idly  rotated  by  tiie  lop,  and  a  jc’t  td  air  is 
blown  upon  either  row  of  holes  lhroU|4'h  a  llt'xible  tube  pro¬ 
vided  with  a  small  ‘^hiss  or  mtUallie  uo//le,  a  musical  sound 
will  be  produced  by  the  air  imlsations  t'uust'd  by  tlie  inter¬ 
ruptions  of  the  air  jet  by  the  [lerlorated  disk,  d'ht*  sounds 
produced  by  the  different  rows  ol  holes  an'  tliosi’  of  flu' 
jierfect  major  chord.  By  holdinj^' a  c*ard  so  that  its  corner 
will  touch  the  jicwforated  disk  at  any  row  ol  holes,  it  will  he 
found  that  the  tatis  of  the  card  will  prodma-  the  saiiU'  tone's 
as  the  puffs  of  air  from  the  tube.  Savarl’s  wlu'el  is  simply 
a  toothed  disk  litted  to  the  I'hiutk  :md  adapted  ti>  In'  rotated 
by  the  top.  When  the  disk  is  turned  very  slowly,  witfi  the* 
edfi;'e  of  a  card  held  a|i^ainst  the  tei'th,  a  serii's  ot  little  taps 
arc  heard,  which  do  not  at  all  n'st'mbU'  :i  musical  smmd  ; 
but  when  the  wheel  is  revolved  rapidly  i>v  tlietop.  flu'  tnu- 
tact  of  the  card  with  its  peripiu'ry  produees  a  sound  that 
may  fairly  he  called  music:al,  (he  sound  heiui^  eomposc'd  of 
the  rapidly  repeated  taps. 

At  3,  Blate  111,  is  shown  a  disk  simil.'ir  to  tliat  usc'd  lor  the 
siren,  but  havinjj;;  douhh'  the  number  of  holes  in  c'aeh  i  treu> 
lar  row.  d’he  holes  are  i-H  iueh  in  diameter.  l‘he  disk  is 
blackened  to  render  the  etfecHs  more  eonspieuous,  ami  llu' 
hole  in  the  center  of  the  disk  is  ('vlep'ti  to  pri'vent  wear.  A 
metal  disk,  .secured  to  a  taperiui^’  spindle  fitted  into  (he*  (op 
spindle,  carries  a  crank  pin  pst>  im-h  from  tlie  axis  of  nUa 
lion,  'fhe  eyelet  of  tin:  disk  is  plated  looseh  on  this  trank 
j)in,  and  when  the  ttnuik  is  revolved  liy  tht'  fop  the  disk  is 
f^yrated every  part  of  its  surface  lieiu^  imule  to  tr.ivel  in 
a  cirtadar  tiath  3-8  ineli  in  dianu'tt'r,  when  sutlieieut  Irietiou  is 
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applied  to  it  to  prevent  it  from  rotating  with  the  top.  In  this 
case  each  perforation  of  the  disk  forms  a  circle,  and  the 
•circles  formed  by  the  entire  series  of  holes  interlace,  ap¬ 
pearing  like  so  many  chain  links  interlocked.  By  allowing 
the  disk  to  revolve  at  different  speeds  very  complicated 
ligures  arc  produced,  sometimes  like  lacework,  sometimes 
like  twisted  ehainwork.  Occasionally  one  ])art  of  the  lig- 
urc  will  appear  to  turn  in  one  direction  while  another  part 
turns  in  the  opposite  direction.  Some  of  tliesc  tigures  are 
shown  at  4  and  5,  Plate  111.  A  vSimilar  experiment,  developed 
in  a  dilTerent  way,  is  shown  at  7.  The  black  cardboard  disk 
is  provided  with  a  central  eyelet,  which  receives  the  crank 
pin,  as  in  the  case  of  the  perforated  disk.  On  each  of  two 
diametrical  lines  crossing  each  other  at  right  angles  are 
formed  pairs  of  holes,  in  which  are  cemented  silvered  glass 
beads  or  bright  spherical  steel  Imttons.  The  latter  were 
used  on  the  disk  illustrated.  They  are  symmetrically  ar¬ 
ranged,  so  that  tlie  inner  four  may  follow  each  other  in  the 
same  path,  and  the  outer  four  may  follow  each  other  in  a 
pjith  of  their  own. 

By  treating  this  disk  after  the  manner  of  the  perforated 
-disk  above  described,  many  brilliant  and  surprising  effects 
may  be  ]n'otlueed. 

By  holding  one  edge  of  the  disk  lightly  between  the 
thumb  and  huger,  so  that  it  will  not  revolve,  but  will  be 
made  to  gyrate  by  the  little  crank,  each  button  will  describe 
a  3-8  inch  circle,  or  a  small  oval,  or  an  ellipse,  as  shown 
at  7.  By  allowing  the  disk  to  slip  slowly  between  the 
thumb  and  linger,  a  series  of  double  scrolls  will  be  ])ro- 
diiced,  as  shown  at  8. 

On  varying  the  speed  of  rotation  by  the  application  of 
more  orless  friction  to  the  disk,  a  greed  variety  of  intricate 
eind  beautiful  ligures  are  i)roduced.  ltxam])les  are  shown  at 
y,  10,  and  u,  Plate  III.  'Phe  effect  shown  at  ii  is  secured 
by  allowing  the  edge  of  the  gyniting  disk  to  strike  the  lin¬ 
ger  once  during  cxich  gynition.  'The  luminous  curve  in  tliis 
case  appears  to  have  a  slow  retrograde  motion. 

In  log.  176  is  shown  ei  cartlboeird  disk  mounted  loosely 
•on  the  lop  S{)indle  and  provided  with  two  series  of  black 
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radial  bars,  llu'  iniu'r  sfi’ics  haviia;'  1  ^  bars,  the  lUttf!'  si-rio 
liaviuu'  12  bars.  ’I'n  tlu'  fhiu'k  iuMaird  in  tin*  Npindlr  is 
stHnirnil  a  bhurk  disk  lauin.u'  buir  radial  slits. 

When  Iht'  lop  is  revolved  and  the  lounr  disk  is  re¬ 
tarded,  some  verv  I'urious  illitsions  w  ill  be  piodneed.  .\t 
limes  one  pari  ol’  ihe  lower  disk  will  appear  1m  remain  sla 
lionarv,  while  ihe  other  jiarl  will  appeat  to  re\ol\t'.  .\i-.iin. 
Uk'  t  wo  seric's  of  radial  bars  will  appear  lo  rotali’  in  oppM 
site  dire('t ions.  \'iewc‘d  in  another  wa\  lln*\  ajipeai  tan  \  ed. 

By  re\)laeini;' the  slitted  disk  with  the  peiloraletl  disk, 
and  urrant^'infj;,*  llu*  perloraled  disk  so  that  it  may  be  relardt'd 
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by  l.he  Irithion  oi  the  hnrt'e!.  some  eurioim  etieeis  will  be 
seen.  d'he  (lilferenl  rows  ol  holes  u  ill  appe.n  tei  advatu  e 
and  rta’ede  in  a  vt‘rv  t'rralie  wav.  Idp,.  i;  ;*,  i  .*  to  i;  im  in 
sivt‘,  illnslrale  the  well  known  and  \ei\  inlejesfini:  fin 
known  as  the  ehameleon  top.  This  fop  is  shoun  in  fins 
coimet'lion,  ;is  the  beantihd  experimenfs  \Udt  h  ha\e  iiern 
adapfetl  ft!  it  may  be  tiamsferred  with  *;ieat  a  l\ antap,t‘ to 
the  heavier  top  ;  12  show s  the  loji  itselt,  w  ilit  tht*  i»hu  k  st‘t 
l(!r  lilted  out  ol  its  normal  position  to  show  the  eohneti 
se^ji'iiumts  on  the  faee  ol  the  top. 

Wlu‘n  the  top  is  spun  with  the  blat  k  seefor  resting  tm  its 
face,  a  great  variety  of  elianges  of  hue  may  he  prodneed 
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by  retarding  the  sector,  by  touching  the  metallic  I'adially 
ribbed  disk  attached  to  its  center.  This  operation  causes  it 
to  shift  its  position  on  the  top,  and  expOvSe  the  different  col¬ 
ored  segments  in  succession.  Persistence  of  vision  causes 
the  segments  to  appear  as  circular  bands  of  color,  which 
constantly  change. 

When  the  colored  paper  ellipses  shown  at  13  are  thrown 

Fig.  177. 
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upon  the  top  and  touched  by  tlie  linger,  the  colors  are  curi¬ 
ously  blended. 

The  tricolored  disk  shown  at  [4  is  to  be  supixirted 
loosely  on  one  of  the  wires  shown  at  15.  'rids  disk,  when 
i-evolvcd,  yields  some  very  pretty  effects',  'flic  wires  shown 
at  15,  when  inserted  in  the  hollow  lop  spindle  and  revolvc'd, 
produce  the  figures  shown  in  the  upper  portion  of  the 
engraving,  ipipcaring  like  phantom  vases,  bowls,  etc. 
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When  this  experiment  is  adapted  to  the  large  top,  the 
wires  are  replaced  by  thin  nickel-plated  tubes,  inserted  in 
wooden  pins  fitted  to  the  spindle  of  the  top.  The  tubes  are 
provided  at  their  upper  ends  with  small  spherical  knobs. 

In  addition  to  the  experiments  described,  there  are  of 
course  many  others  of  equal  interest  which  ma}'-  be  per¬ 
formed  by  means  of  a  heavy  top. 

The  engraving  represents  an  attachment  to  the  “  scienti- 


Fig.  178. 


Top  with  Revolving  Mirrors — Koenig’s  Manometric  Flames. 


fic  top,  by  means  of  which  the  beautiful  and  instructive  ex¬ 
periments  of  Koenig  may  be  readily  repeated.  The  part  of 
the  apparatus  carried  by  the  top  consists  of  two  pieces  of 
ordinary  silvered  glass  (looking  glass),  by  5  inches,  se¬ 
cured  to  opposite  sides  of  a  light  wooden  frame  of  the  same 
size,  and  3-4  inch  thick,  by  means  of  strips  of  stout  black 
paper  attached  to  the  frame  and  to  the  edges  of  the  glasses. 
The  upper  and  lower  edges  of  the  wooden  frame  are  bored 
at  the  center  to  receive  the  rod  inserted  in  the  bore  of  the 


I 


EXPERIMENTS  WITH  THE  SCIENTIFIC  TOP. 


179 


top  spindle.  The  frame  fits  the  rod  loosely,  and  is  revolved 
by  frictional  contact  with  the  rod  and  the  upper  end  of  the 
top  spindle.  This  arrangement  allows  the  mirror  to  revolve 
at  a  comparatively  low  rate  of  speed,  the  resistance  of  tire 
air  causing  the  mirror  frame  to  slip  on  the  rod. 

It  is  necessary  thus  to  provide  for  the  slow  rotation  of 
the  mirrors,  as  the  flame  points  would  be  blended  into  a  con¬ 
tinuous  band  of  light  by  the  persistence  of  vision  were  the 
mirrors  allowed  to  revolve  as  rapidly  as  the  top. 

The  device  for  producing  the  variable  flame  is  shown  in 
perspective  in  Fig.  178  and  in  sec¬ 
tion  in  Fig.  179.  It  consists  of  a 
cell  formed  of  two  parts,  one  in¬ 
serted  in  the  other,  and  provided 
with  an  air  chamber,  covered  by  a 
diaphragm  of  very  thin  soft  rub¬ 
ber,  a  gas  pipe  entering  the  lower 
side  of  the  cell  at  one  end  of  the 
diaphragm,  and  a  fine  gas  burner 
inserted  in  the  cell  upon  the  same  ’ 
side  of  the  diaphragm.  A  mouth¬ 
piece  communicates  with  the  air 
chamber  of  the  cell  through  a 
flexible  tube,  and  the  gas  pipe  lead¬ 
ing  to  the  cell  is  connected  with 
the  house  supply.  The  gas  burncr 
is  provided  with  a  narrow  shade, 
which  shields  the  eye  of  the  ob¬ 
server  from  the  direct  light  of  the 
flame.  The  top  having  been  set  in  motion,  the  mirror  is 
applied  and  sounds  arc  uttered  in  the  mouthpiece.  By 
viewing  the  reflection  of  the  flame  in  the  revolving  mirror, 
it  will  appear  as  if  formed  of  a  regular  series  of  pointed 
jets,  the  persistence  of  the  successive  images  formed  on 
the  retina  causing  them  to  appear  as  if  produced  simul¬ 
taneously. 

The  vibrations  of  the  diaphragm  due  to  the  sound 
waves  impinging  upon  it  cause  the  gas  to  be  pushed  out  of 
the  burner  in  little  puffs,  which  are  not  very  noticeable  when 
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the  flame  is  observed  directly,  but  which  are  clearly 
brought  out  when  examined  by  the  revolving  mirror. 

By  employing  a  double  mouthpiece,  two  sets  of  flame 
points  of  different  lengths  alternating  with  each  other  may 
be  shown.  Each  vowel  sound  yields  a  characteristic  series 
of  flame  points.  A  whistle  will  yield  very  fine  points,  while 
a  very  low  bass  note  will  produce  scarcely  more  than  a  sin¬ 
gle  point  for  each  half  revolution  of  the  mirror. 
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CHAPTER  X. 

HEAT. 

Heat  is  the  manifestation  of  an  extremely  rapid  vibra¬ 
tory  motion  of  the  molecules  of  a  body.  An  increase  in  the 
velocity  and  amplitude  of  the  vibrations  increases  the  tem¬ 
perature  of  the  body.  A  heated  mass  can  impart  vibratory 
motion  to  the  ether  which  fills  space  and  permeates  all 
bodies,  and  these  wav.e  motions  of  the  ether  are  able  to 
reproduce  in  bodies  motions  similar  to  those  by  which  they 
were  caused.* 

The  more  obvious  effects  of  heat  are  expansion,  fusion, 
and  vapori>!:ation.  All  bodies  increase  in  volume  when 
healed  ;  gases  being  the  most  expaUvSiblc,  liquids  next,  and 
solids  the  least.  Pleat  may  partially  or  wholly  balance 
molecular  attraction.  Hence  it  is  that,  when  heated,  solids 
fii’st  cxpa.nd,  then  (if  no  chemical  action  occurs)  soften  and 
become  liquid,  and  finally  vaporize. f  Liquids  are  changed 
into  vapors,  and  gases  arc  rarefied. 

ICXPANSrON. 

Expansion  takes  iilace  in  all  directions.  To  render  this 
phenomenon  apparent,  an  elongated  and  attenuated  body, 
such,  for  example,  as  a  fine  wire,  is  chosen  and  its  linear  ex¬ 
pansion  only  is  noted.  Fig.  itSo  shows  an  instrument  for  ex¬ 
hibiting  tlu;  linear  expamsion  of  a  long  thin  wire,  i  and  2  being 
resi)cctivcly  front  and  side  views.  The  instrument  is  pro¬ 
vided  with  two  scries  of  hard  rubber  pulleys  mounted  on 
studs  pi'ojecting  from  a  board.  A  line  brass  wire  (No.  32) 
attached  to  the  board  at  one  end  passes  around  the  succes¬ 
sive  ])ulleys  of  the  upi)er  and  lower  scries  in  alternation,  the 
last  end  being  coimecteil  with  one  end  of  a  spiral  spring, 
which  is  strong  enough  to  keep  the  wire  taut  without 

*  “  Heat  a  Mode;  of  Motion,”  by  John  Tyndall,  is  an  intercstinj?  popular 
trealiso  on  tliis  subjort. 

f  Most  orf,uinic  bodies  oxidize  before  liie  Icmpcrature  of  liquefaction  is 
rcaciied. 
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Stretching  it.  The  other  end  of  the  spring  is  attac‘^*J 
stud  projecting  from  the  board.  The  pulleys  are  *  *  ^ 
ent  diameters,  so  that  each  series  forms  a  cone.  By  * 
struction  the  wire  of  one  convolution  is  prevented  I  *  * 
ering  the  wire  of  the  next. 

The  last  pulley  of  the  upper  series  is  provide*^ 
boss,  to  which  is  attached  a  counterbalanced  in<^* 
curved  scale  is  supported  behind  the  index  by 
jecting  from  the  board. 

The  series  of  pulleys  are  12  inches  apart,  and  tl'* 


Fig.  180, 


Metallic  Thermometer. 


ten  convolutions  of  wire,  so  that  a  small  change  of 
ture  produces  sufficient  expansion  of  the  wire  tt»  t- 
perceptible  movement  of  the  index.  To  increase  tlt«” 
tiveness  of  the  instrument,  the  wire  is  blackened  1 1 
of  smoke  or  dead  black  varnish.  An  electric  cum* it 
ing  through  the  wire  heats  it  sufficiently  to  cause  ii 
tion  of  the  index;  the  amount  of  deflection  depeiitij 
course,  upon  the  strength  of  the  current. 
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SIMPLE  THERMOSTAT. 

Fig.  181  shows  a  simple  thermostat;  which  is  capable  of 
many  useful  applications.  It  is  rcjjrcscntcd  with  an  index 
and  scale,  but  these  arc  not  essential  for  most  purposes. 

The  instrument  depends  for  its  operation  on  the  differ¬ 
ence  between  the  c.xpansion  of  brass  and  steel.  'I'he  linear 
expansion  of  brass  is  nearly  double  that  of  steel,  so  that 
when  a  eurved  bar  of  brass  is  conhned  at  the  ends  by  a 
straigdit  bar  of  steel,  the  brass  bar  will  elongate  more  than 
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the  steel  bar  when  both  arc  heated,  and  will  in  consequence 
become  more  convex. 

At  2  are  shown  two  bars,  the  straight  one  being  of  steel, 
the  curved  one  of  brass.  The  steel  bar  is  slit  for  a  short 
distance  in  two  places  at  each  end,  and  the  ears  thus  formed 
are  bent  in  ijpposite  directions  to  form  abutmeiils  for  the 
ends  of  the  curved  brass  bars,  two  brass  bars  being  held  l)y 
a  single  steel  bar,  thus  forming  a  com])oiind  baj%  as  shown 
at  3.  Each  compound  bar  is  drilled  through  at  the  center. 
Ten  or  more  such  compound  bars  are  strung  together 
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loosely  upon  a  rod,  which  is  secured  to  a  fixed  support.  A 
stirrup  formed  of  two  rods  and  two  cross  pieces  rests  upon 
the  upper  compound  bar  and  passes  upward  through  the 
support.  Above  the  support  it  is  connected  by  a  link  with 
a  sector  lever  which  engages  a  pinion  on  the  pivot  of  the 
index.  The  use  to  which  the  thermostat  is  to  be  applied 
will  determine  its  size  and  construction.  It  may  be  used 
in  connection  with  kilns  and  ovens  and  for  operating  dam¬ 
pers,  valves,  and  electric  switches. 

AIR  THERMOMETER. 


The  air  thermometer,  consisting  of  an  air  bulb,  A,  and 
capillary  tube,  B,  plunged  in  a  colored  liquid,  shows  chang-es 
in  the  volume  of  air  due  to  expansion  and 
contraction  under  changes  of  temperature  by 


A 


Air  Thermo¬ 
meter. 


the  rising  or  falling  of  the  column  of  the 
colored  liquid  in  the  capillary  tube.  It  is  a 
sensitive  thermometer,  but  of  little  practical 
value,  on  account  of  the  variability  of  the 
volume  of  air  by  changes  of  pressure. 

PULSE  GLASS. 

The  pulse  glass  (Fig.  183)  is  due  to  Franklin. 
It  consists  of  two  glass  bulbs,  formed  on  op¬ 
posite  ends  of  a  tube  bent  twice  at  right 
angles,  the  system  being  partly  filled  with 
water,  the  air  hav¬ 
ing  been  expelled 
by  boiling  the 
water  before  seal¬ 
ing  the  tube. 

When  the  bulb 


Fig.  183. 


which  contains  the  water  is  held  in  the  hand,  and  the  tube 
IS  placed  in  horizontal  position,  the  rapid  evaporation  of 
the  water  by  the  warmth  of  the  hand  creates  a  pressure 
which  causes  the  transfer  of  the  water  to  the  cooler  bulb. 


I'he  quick  evaporation  of  the  thin  film  of  water  adhering  to 
the  sides  of  the  otherwise  empty  bulb  increases  the  jDressure, 
and  causes  a  rapid  ebullition  of  the  water  in  the  other  bulb, 


and  at  the  same  time  carries  off  the  heat  to  such  an  extent 
as  to  produce  a  very  decided  sensation  of  cold.* 

When  the  bulb  is  held  at  an  inclination  of  about  40“',  the 
water  pulsates  from  one  bulb  to  the  other.  The  interior  of 
the  cool  bulb  becomes  ciuickly  dry,  and  eva[)t)ratioii  in  it 
therefore  ceases.  The  water  from  the  other 
bulb  at  once  flows  back  into  the  k)wcr  one,  to 
be  again  expelled  by  renewed  expansion  and 
■evaporation. 

The  instrument  operates  continuously 
and  very  regularly  when  placed  in  a  ht)ri- 
xontal  position  upon  a  table,  with  one  of  the 
bulbs  in  the  vicinity  of  a  lamp,  that  is, 
within  eight  or  ten  inches  of  the  flame,  the 
other  bulb  being  plaecd  as  far  as  po.ssiblc 
away  from  the  flame  and  shaded. 

Idle  straight  form  of  pulse  glass,  shown  in 
Fig.  184,  exhibits  the  vapormation  of  water  in 
vacuo  to  better  advantage  than  the  bent  form. 

When  the  bulb  is  held  in  the  hand,  the 
rapid  evaporation,  by  I, he  warmth  of  the  hand, 
of  the  water  flowing  tlirough  the  narrow  neck 
of  the  tube  and  down  the  inner  surface  of  the 
bulb  creates  a  pi'essure  of  vapor,  which  finds 
exit  through  the  neck  of  the  tube,  and  bub¬ 
bling  up  through  the  main  body  of  the  water, 
is  condensed  either  in  the  water  or  above  if.  Sometimes  the 
tube,  when  designed  for  use  as  a  toy,  contains  the  figure  of 
an  imp,  which  the  ebullition  of  the  water  agitates  violently. 

TIIKRMOHCOPIC  BALANCE. 

The  action  of  the  thermoscopic  balance,  shown  in  Fig. 
185,  is  due  to  the  facility  with  which  liquids  evaporafe  in  a 
vacuum.  A  small  amount  of  heat  is  sullicient  to  vajxn'ize  the 
liquid  to  the  extent  recpiired  to  secure  the  desired  action. 
'I'he  instrument  is  provided  with  a  glass  tube  bent  twice  at 
right  miglcs,  and  having  a  bulb  blown  on  each  end.  The 

*  This  phenomenon  is  one  of  latent  heat,  a  subject  omitted  here,  but 
treated  at  length  in  text-books  on  physics. 
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tube  and  the  bulbs,  like  the  pulse  glass,  are  partly  filled  with 
water,  and  a  vacuum  is  secured  by  boiling  the  water  in  the 
bulbs  before  sealing  them.  The  center  of  the  tube  is  fur¬ 
nished  with  V-pivots,  which  rest  in  bearings  in  the  top  of 
the  forked  column.  The  column  also  supports  a  metal 
screen,  which  is  bright  one  side  and  black  on  the  other. 
Two  pins  project  from  the  screen  to  limit  the  movements  of 
the  glass  tube  and  bulbs. 

When  the  instrument  is  in  use,  the  screen  is  placed 
toward  the  source  of  heat,  and  when  radiant  heat  strikes  the 
bulb  which  is  unshielded  by  the  screen,  the  water  in  that 
bulb  is  vaporized,  and  sufficient  pressure  is  produced  to 
drive  the  water  upward  into  the  bulb  behind  the  screen. 
When  a  little  more  than  half  of  the  water  has  been  in  this 
manner  forced  from  the  lower  to  the  higher  bulb,  the  upiocr 
bulb  preponderates.  The  tube  and  bulbs  are  supported  on 
their  pivot  so  as  to  secure  unstable  equilibrium,  so  that, 
when  the  upper  bulb  begins  to  descend,  it  completes  its  ex¬ 
cursion  at  once,  and  exposes  the  full  bulb  to  the  radiant 
heat,  at  the  same  time  carrying  its  empty  bulb  behind  the 
screen,  where  it  cools.  The  transfer  of  the  water  from  the 
full  bulb  to  the  empty  one  now  occurs  as  before.  This  oper¬ 
ation  is  repeated  so  long  as  the  bulbs  are  exposed  to  the  action 
of  radiant  heat.  The  oscillations  may  be  quickened  by  smok¬ 
ing  the  sides  of  the  bulbs  remote  from  the  screen,  and  still 
greater  rapidity  of  action  may  be  secured  by  concentrating 
the  heat  on  the  bulbs  by  means  of  condensers  or  rellectors. 

The  principle  of  the  thermoscopic  balance  has  been  util¬ 
ized  in  the  construction  of  an  electric  meter.  To  render  it 
available  for  this  purpose,  a  coil  is  inserted  in  each  bulb 
above  the  water  line  and  electric  connections  are  provided, 
by  which  the  current  is  sent  through  the  coils  in  alternation 
as  the  bulbs  tilt.  The  current  thus  commuted  heats  first 
one  coil  and  then  the  other,  causing  the  transfer  of  the 
water  from  one  bulb  to  the  other  in  the  manner  already 
described.  Registering  mechanism  is  provided  which  re¬ 
cords  the  number  of  oscillations  of  the  tube.  The  rapidity 
of  the  operation  of  the  instrument  is  proportional  to  the 
strength  of  the  current. 


Fig.  1S5 
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ruvoriK  turs. 

WoUaslon's  cryoplutrus  is  siinilai’  in  Inrm  atul  ju  iut  iph' 
to  the  pulsc!  ]H'lass,  ( lu*  only  ililfri’ftu’c  hriup  llial  llie  lulu- 
conncctiiij^' the  two  bulbs  is  uiade  luuch  latio-i,  to  a\ni»l 
ehnkiiyi;-  by  iec^  —a  ihiu^' sufe  to  oceuf  w  hen  the  tube  is  of 
small  (liameti-r  -tlu-  water  vapor  whieli  is  tbauu  towaid 
the  empty  bulb  (in  a.  tuauuer  pn'seutl\  tube  deseiibetli 
beiii^  coiideusc'd  aud  frozc-u  uu  tlie  walls  ni  the  tube  to  stu  b 
ail  extent,  as  to  i-ntirelv  elnse  it. 

'I'lie  eryophorus  in  proeess  »il  const ruet ion  is  partlv 
lillcd  with  water,  which  is  boiled  in  the  bulbs  behue  sealinp., 

lou.  ISf>. 


to  drive  out  the  air.  When  the  empty  bulb  oi  the  appara¬ 
tus  is  ])luced  in  a  freezing;  mixture  of  ice  am!  salt,  h»r  exaui 
pic,  the  evaporation  of  the  water  in  the  filled  bulb,  due  t»» 
the  cooliii)d!;  aud  eondeusat ion  of  vtipor  in  the  empty  Indh,  is 
rajiid  cnou|i^h  to  carry  off  the  heat  to  sueh  an  extent  as  to 
tamsc  the  water  to  freeze.  lusleail  «»t  employiu|4  the  Irei’/itiij 
mixture,  a  spray  of  ether  or  bisulphide  of  earhou  mav  be 
projected  upon  the  empty  Imlh  with  the  same  tcsults. 

'rids  is  ;i  vi*ry  iuterestiup'  ex[u'rimeut,  illustrating^  tin- 
{irinedple  of  freeziuj^  by  rapid  evaporation.  It  also  exhihits 
the  chang’e  of  state  of  water  from  gaseous  through  liquiii  to 
solid  condition. 
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RADIOMETER. 

The  racUoiTieter  is  a  heat  engine  of  remarkable  delicac}' 
as  well  as  great  simplicity.  It  illustrates  a  class  of  pheno¬ 
mena  discovered  by  Crookes,  which  are  difficult  to  explain 
in  a  brief  and  popular  way.* 

The  instrument  consists  of  a  very  slight  spider  of  alumi¬ 
num.  supporting  on  the  end  of  each  of  its  foui  aims  a  ver^ 
thin  mica  plate  blackened  on  one  side 
and  silvered  on  the  other  side. 

The  aluminum  spider  is  provided  with 
a  jewel,  which  rests  upon  a  delicate  needle 
point  supported  at  the  center  of  the  glass 
globe. 

The  spider  is  retained  on  its  pivot  by 
a  small  tube  extending  downward  from 
the  top  of  the  globe.  When  placed  in 
sunlight  or  near  a  gas  or  lamp  flame,  the 
vanes  revolve  rapidly. 

An  alum  cell  interposed  between  the 
radiometer  and  the  source  oE  light  and 
heat  allows  the  light  to  pass,  but  inter- 
cepts  the  heat  rays.  Under  these  conditions  the  vane  will 
not  rotate.  An  iodine  cell,  which  is  opaque  to  light,  when 
arranged  in  the  same  way  allows  the  heat  rays  to  go  thi'oug  i,. 
and  these  cause  the  rotation  of  the  vane. 


TYNDALL’S  EXPERIMENT  ON  RADIANT  tlEAT. 

It  often  happens  that  students  who  desire  to  test  for 
themselves  the  experiments  oE  distinguished  investigators, 
are  prevented  from  such  instructive  pleasures  by  the  notion 
that,  for  delicate  experiments,  fine  and  expensive  apparatus 
is  required.  Such  aiqKiratus  is 

pleasant  to  work  with,  but  where  it  is  not  to  be  had,  a  little 
counisc  and  ingenuity  may  provide  cheap  substitutes  whmh 
will  perfectly  answer  the  students  purpose.  The  crude 
apparatus  herewith  figured  illustrates  this  fact. 

*  “  Tlio  Principles  (,f  Pliyslcs,”  by  Alfred  Daniel,  conrains  a  clear  expla 
nation  of  tho  radiometer. 
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The  iulcrcsliiiiX  expt'rinu'ul  ol  ‘rviulaU  "U  radiant  hrat 
was  suf;'t;'('s(t'tl  lo  hiiu  Iin'  Prot.  lU'lTs  jthdlmtlinnic  nspcri- 
mciit,  ill  \vhii;h  nmsii'a!  sounds  art'  tilttainnd  li\  lln-  at  tinn  ol 
an  intcniiil t.cMil  bntun  oi  upun  a  solid  Knlnrini;’ 

to  this,  Pnif.  'ryndal!  says: 

“From  11k‘  lirst  1  I’nltTlaimal  tin*  opinion  that  tlu-so 
siiig'ular  sounds  wci'c  caust'd  li\’  rapid  t  hatiRos  ol  tfinpnra- 
lure,  producan^*  catrrnsptindin^  ehan^^es  oi  shapoantl  voluuu* 
in  tlu‘ bodies  iinpinj;'ed  n[ion  bv  the  boa'ii.  lint  it  this  be 
the  case,  and  if  jj^aisesand  vapors  really  absoib  radiant  In-at, 
llu'y  oii|i;‘ht  to  jn'otluee  sonnils  nnni’  intense  than  (host* 
obtained  from  solids.  1  pictured  evei  \  stioke  ol  the  beam 
respoiuhul  to  b\'  a  sudden  expansion  til  the  absoi  bent  e,as. 
and  tuiucluded  that  when  the  pulses  thus  cm  itial  iollowcd 
eathi  otlu'r  with  snHieienl  rapidity.  ;i  unnaeal  note  must  be 
the  result.  It  seemed  plain,  intuetivta,  tliat  b\  this  m-w 
method  many  of  my  previous  jrsidfs  inie.hf  be  btoiir.lil  t«t 
an  iiulependeul  test.  I  li^ldv  diathennanous  botlic*.,  1  u-a. 
soiu'd,  would  produce  taint  souuils,  while  hie.hb  .ithennate 
ous  bodies  would  |iroduce  lotnl  sonntls  flu*  stirunjh  oi  (he 
sound  bi'ine'.  in  a  sensi*,  a  ineasme  i‘l  the  absoi  ption,  1  he 
lirst  expi’i'iinent,  made  with  a  \‘iew  ol  testinr,  this  iilea,  was 
1'Xi‘cutc'd  in  t lu"  preseiu'e  ol  Mr.  (Jr.ihain  Hell,  anti  the  lesnlt 
was  in  c'xai't  accordance  with  what  1  h.ul  iotrseen," 

'I’he  writer  has  suecessinllv  repeateti  Plot.  I\niial!’s 
experinu'ut  with  tin*  simple  apparatus  shown  in  the  illustia 
lien  (Idi;’.  iHS).  Apparatus  alnaidv  at  haml  was  nt ili/etl.  A 
small  sized  bulbous  f^’hiss  llask,  t’j  ini'hes  in  tliainetci,  was 
inonnti'd  in  ;i  test  tube  holder,  and  plat  eil  Ijrliiud  a  naatini* 
pasteboanl  disk,  la  inches  in  diametei,  baling  twelve  aper 
lures  I A  inches  with"  and  l\  iiu  lies  loui'.  Seyeial  il.tsks  ot 
the  same  capacity  were  provideil  ami  lilletj  witli  the  tlilfei  - 
('ut  fjfusc'S  and  vajiors,  and  sittppered.  to  be  nsrtl  at  t  t»n\en 
iiMurc.  N('ar  the  disk  was  placeii  a  t  onmion  <.pis  jl.une.  and 
into  tlu'  mouth  ol  the  llask  was  inserlcfl  one  eml  o{  a  Ittiu; 
rubber  lub(‘,  the  tidier  end  bein|»  pio\itlrd  witii  a  tapeiin^^ 
ear  tube*,  placed  in  the  ear  til  (he  listener,  wliose  ptisition  was 
suiruacmtly  remote  from  the  apparatus  to  autiil  anv  possible 
disturbance  from  the  revolving'  disk  or  the  optuator.  I'lir 
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disk  being  rotated  so  as  lo  rapidly  intfrecpt  tlie  thermal  autl 
luininoLis  niys  ot  the  gas  llaiue  atul  reudei  the  ravs  lapitllv 
intcrniiUcnt,  tlu‘  elita-t  tm  tlie  i;ases  and  vaptus  eontaiueil 
by  tlic  dillcrcnt  l)iiU)S  was  noted.  I)ry  air  putdneeil  no 
sound;  moistened,  it  yi('l<led  a  dislinetlv  audible  ttme,  eo 
resiJOiuUng  in  pitc'h  with  the  rapidity  ol  the  interruption 
of  t.lic  thermal  rays."'®' 

Among  gases  tric’d,  idfrous  o\ide  and  illtuniiiatiiig  ;.^a\ 
yielded  the  loudest  sounds.  Among  vapors,  wate»  and  su! 
phiiric  ether  were  most  susceptible  to  tlu’  iutennittent  ravs. 
A  (handle  llame  produced  distinctly  audiitle  stuinds  in  ihe 
more  sensitive  g:vses,  and  a  hot  poker  replacing  the  gax 
llame  yielded  the  same  results. 

By  using  an  ordinary  concave*  spun  metal  mirror,  the 
heat  of  llu*  name  was  .satislaetorily  projected  bom  a  consid. 
erahle  cHstancu*.  C'onsideriiig  the  ciudeiu'.ss  <»{  the  appata 
tins  and  the  dcHc’ticy  ot  the  aciion  wldcli  piodiu'es  the  sounds, 
it  aj)peurs  r(‘mark:ihlc*  that  any  satislactojv  lesults  were 
obtained,  and  the*  experimc*tit  shows  that  anv  out*  intt*reHtetl 
in  the  liner  braiunies  ol  scic'ntilic  investigatitm  may  oHen. 
with  the  exc'reise  of  a  little*  care,  c'ujov,  without  mateti.d 
expense,  those  dec*ply  intc*resting  e\[)C*rimentN. 

RKKr.l’U'TloN  AND  CC  (Nt •KN'TmvrtoX  *!}•  HRA'I'. 

In  this  expetriment  the*  coneave  nurrois  tiesenhed  in  a 
previous  cnuipfer  are  einpl(»yed  in  rc*fiectii!g  aiul  t  om  eutiat 
ing  heat. 

Instcnul  of  placing  the  \vatc*h  in  the  fticus  of  the  ieflectoi, 
B,  as  in  tlu*  sound  t'Xperim«*ut,  an  air  theriu»>mt*ter.  Id  is 
suj)j)orted  upon  two  stands,  t‘‘  I'‘,  as  .sluiwti  in  l*ig,  iSo.  \\ith 
its  hull)  in  the  foc*us  of  the*  rellecttir.  Fhe  hulh  is  smoked 
over  a  candle,  and  when  it  is  uearlv  cold  a  drtip  of  waitei  oi 
mercury  is  introduen'd  intt)  (he  capillaiy  tube  to  seiAc 
as  au  indc'x.  'I'lic*  cxtudle  is  removed  until  the  dtop  in 
the  tube  ceases  to  move*.  It  is  then  replac  ed.  In  a  vei  \ 
short  time  the  drop  will  be  pushed  outward  by  the  c'xpan 

*  Thd  tone  to  be  ejcprffftl  the  ^{.js  *tr  vthru  ,u  trU  un  hv  «4<h.iui 

heut  nniy  tic  delenninctl  tiy  tiljiwijiu  itnuuuli  4  tubr  tJtr  4|»rtuiira 

portion  of  ill'?  rotating  <H«k. 
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sion  of  the  air  in  the  bulb.  The  candle  is  a^aiii  removed, 
and  when  the  drop  has  returned  to  the  point  of  starting  and 
ceased  moving,  a  lump,  C,  of  ice  is  placed  on  the  stand,  D, 


Fig.  189. 


in  the  focus  of  the  reflector,  A.  Immediately  the  air  con¬ 
tracts  in  the  thermometer  and  draws  the  drop  in.  Each  of 
the  two  bodies  is  radiating,  and  receiving  heat  radiated  from 
the  other.  But  the  ice  radiates  less  than  the  bulb ;  hence 
the  bulb  gives  out  more  than  it  receives,  and  the  fall  of  tem¬ 
perature  is  shown  by  motion  of  the  indc-v. 


Fig, 


Conduction  of  Float. 
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THE  CONDUCTIVITY  OF  METALS. 

The  conductivity  of  metals  for  heat  is  admirably  shown 
by  the  simple  device  illustrated  in  Fig.  190.  To  a  strip,  A,  of 
iron  are  attached  strips,  B  C,  of  brass  and  copper.  The  ends 
of  all  the  strips  are  bent  upward  and  inward,  and  the  ends 
of  the  strips  are  split  and  curved  to  form  loops  for  loosely 
holding  matches,  the  sulphur  ends  of  which  rest  upon  the 
strips  by  their  own  gravity.  The  junction  of  the  strips  is 
heated  as  shown.  The  match  on  the  copper  strip  ignites 
hrst,  that  on  the  brass  next,  and  that  upon  the  iron  last,  show¬ 
ing  that,  of  the  three  metals,  copper  is  the  best  conductor 
of  heat  and  iron  the  poorest. 

HEAT  DUE  TO  FRICTION. 

Every  engineer  having  machinery  in  charge  knows 
something  of  this  subject.  Badly  proportioned  or  poorly 
lubricated  journals  often  become  intensely  heated  by 
undue  friction.  Occasionally  a  red  hot  journal  is  seen. 
Wherever  there  is  friction  there  is  heat.  Often  kinetic 
energy  is  transformed  through  friction  into  heat,  which  is 
dissipated  by  radiation  into  space,  thus  causing  a  loss  of 
energy  in  a  commercial  sense,  while  in  a  physical  sense  it 
still  exists,  but  in  another  form. 

HEAT  DUE  TO  PRESSURE  AND  COMPRESSION. 

Hammering  a  nail  rod  until  it  is  red  hot  and  forging  a 
nail  without  a  fire  is  one  of  the  feats  of  the  blacksmith. 


Fig.  191. 


Pneumatic  Syringe. 

The  compression  of  the  iron  by  the  blows  of  the  hammer 
increases  its  temperature  to  such  a  degree  as  to  render  this 
possible.  The  impact  of  a  bullet  on  a  hard  surface  gener- 
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atcs  sufficient  heat  to  melt  the  lead  of  which  the  bullet  is 
formed.  Numerous  instances  mig-ht  be  i>-{ven  of  the  <:;'ener- 
ation  of  heat  by  the  impact  of  solid  bodies. 

Gases  arc  also  heated  by  compression.  By  ])lacin<;-  some 
dry  tinder  or  cotton  moistened  with  ether  in  the  pneumatic 
syringe  (pop  gun),  Fig.  191,  and  quickly  forcing  in  the  })is- 
ton,  so  as  to  strongly  compress  the  air  Etc;.  192. 

contained  in  the  barrel  of  the  syringe, 
the  tempei'atiire  of  the  air  will  be  raised 
sufficiently  to  ignite  the  tinder  or  cotton. 

FORCE  OF  STEAM. 

The  candle  bomb,  shown  in  Fig.  192, 
exhibits  the  explosive  ])Ower  of  .steam. 

It  consi.sts  of  a  small  bulb  of  glass 
filled  with  water  and  sealed.  When  Cuudic  iJomb. 
the  bomb  is  held  in  a  candle  ilame  by  means  of  a.  wire  loop, 
the  water  is  converted  into  steam  and  an  explosion  occurs.* 

The  lea.st  expensive  machine  for  applying  to  m(‘chaiuca.l 
work  the  force  exhibited  by  the  candle  bomb  is  flu;  fifty- 
cent  sfeam.  engine,  shown  in  h'ig.  193.  It 
is  a  small  and  simple  machine,  but  it  is  far 
more  perfect  than  the  steam  engines  of 
our  forefathers.  It  will  readily  make  800 
to  1,000  revolutions  per  minute.  It  is  a 
wonderfully  inexpensive  example  of  the 
world’s  gi’catest  motive  power.  Its  con¬ 
struction  is  .so  well  known  that  an  extended 
description  .seems  .suiierlluous. 

The  standard  which  siqiports  the  crank 
shaft  also  forms  the  .sup])ort  of  the  trun¬ 
nion  of  the  oscillating  cylinder.  'The  pi.s- 
ton  is  connected  directly  with  the  crank 
l)in  projecting  from  the  fly  wheel.  'Phe  face  of  the  lylinder 
which  contacts  with  the  standard  forms  the  valve  for  admit¬ 
ting  steam  to  the  cylinder  and  releasing  it  after  use.  A 
passage  in  the  standard  conveys  steam  from  the  boiler  to 

*  A  guard  of  some  kind  should  bu  placed  around  lliu  bomb  10  iircvcnt 
injury  to  the  oxporimontor. 


Flu  i(_)3. 
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the  steam  ports.  A  spiral  spring-  on  the  trunnion  draws  the 
cylinder  against  the  standard.  The  cylinder  thus  arranged 
is  made  to  serve  as  a  safety  valve.  A  small  alcohol  lam[j 
is  used  as  a  source  of  heat. 

ASCENSIONAL  POWER  OF  HEATED  AIR. 

The  ascensional  power  of  heated  air  is  exhibited  by  the 
draught  of  every  chimney.  It  is  shown  by  the  lire  balloon 
and  by  the  upward  tendency  of  every  flame.  It  is  the  prime 
factor  in  the  propelling  power  of  one  of  the  most  ancient  of 

motors — the  windmill ;  wind 
being  only  air  rushing  for¬ 
ward  to  take  the  place  of  air 
which  is  rising  because  it  is 
rarefied  by  heat. 

The  power  derived  directly 
from  an  ascending  column  of 
heated  air  has  never  been 
utilized  except  as  a  motor  for 
ventilators,  for  running  me¬ 
chanical  toys,  and  to  some 
extent  for  operating  small 
mechanical  signs. 

The  toy  motor  shown  in 
the  annexed  engraving  is  toO' 
familiar  to  require  description.  It  is  generally  i)laced  over 
a  lamp  chimney  or  at  the  side  of  a  stovepipe,  \vh.ere  the 
rapidly  ascending  heated  air  may  impinge  on  the  inclined 
vanes.  The  air,  acting  on  the  vanes  according  to  the  well 
known  law  of  the  inclined  plane,  produces  a  lateral  move¬ 
ment  of  each  vane,  and  the  vanes  being  restrained  at  the 
center  of  the  wheel  while  free  at  their  outer  ends  are  com¬ 
pelled  to  move  circularly. 

IIYGROMETRY. 

The  toy  hygroscope  serves  to  show  approximately  the 
hygrometric  state  of  the  atmosphere.  One  of  the  several 
forms  in  which  it  is  made  is  shown  in  the  annexed  engrav¬ 
ing.  A  perforated  metal  tube,  projecting  from  the  back  of 


Fig.  194. 


Hot  Air  Motor. 


HKA'l-. 


the  contains  a  short  i>iec:c  ol  ca(_n‘ut  cord,  which  is 

fastened  in  the  rear  end  of  the  tube  by  closin.^-  Iht'  sides  of 
tlie  tube  down  upon  it.  I'he  o[)i)osile  end  ol  the  ('ord  pro¬ 
jects  beyond  the  front  of  the  lii^aire,  and  is  allacdied  to  the 
arm  of  the  boy.  In  the  hand  of 
the  arm  thus  sup])orted  is  carried 
an  und)rclla.^  When  ihtmiir  is  dry, 

and  the  arm  holds  the  uiul)rclla,  out 

in  so  dohi”*  raises  the  boy’s  arm  and  “i*’  ''i 

briiifi^s  the  umbrella  over  his  own 

head  and  over  the  liead  ol  his  com-  /''W  ^ 

vice  consists  of  a  houses  having;’ 
two  doors  and  containing-  two 
lii^ures— a  man  with  an  umbrella  ih^'utsKiiK. 

and  a  woman  in  fair-weather  dn'ss ;  the  b|j;’ures  beinjj^  sup- 
ported  on  opposite  ends  of  a  bar  siisptmded  ccmtrally  by 
a  catf^’ut  cord.  When  the  cord  is  untwisted  by  the  action 
of  moisture,  the  man  with  llie  umbrella  sallies  out;  when 
I’lc.  ic)f).  the  cord  beconu's 

lin: 

not  of  actual  use,  to  the  meteorological  observer.  ‘I'he 
action  of  the  sensitive  leaf  shown  in  the  t‘nj^raviu|j^  is  also 
due  to  expansion  l)y  absorption  of  moisture,  'riie  leaf 
consists  of  a  piece  of  thin  gelatinized  papc‘r  orf»-ol(l  heater’s 


I  lv;4U*Nr(tiic‘, 
b|j;’ures  beinjj^  sup- 


Sensitive  Lt-af. 
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skin,  or  even  of  ^’elnt.ine,  ])r{nte{l  in  sonu'  laulastie  dc'sit^i, 
thill;  of  tlie  nieniKiid  beiii”'  the  fiivorile.  When  the  leal  is 
laid  upon  the  [)alni  of  Ihc  hand,  the  inoistni'c*  et  the 
hand  is  absorbed  by  one  side  ol  tlie  leal,  and  more'  in  ^.olne 
places  than  in  others,  oudnjj^  to  imptn-feet.  eontai't  with  the 
hand.  The  inoisteneil  portions  rapidly  swell,  thus  warping 
the  leaf,  wdiieh  twdsts  and  w'rilhes  in  i'\‘i'ry  possible  direr 
tion,  as  if  it  w'ere  posst'ssed  oi  Iile.  The  h'ahbein^'  c'\l  i  t'inely 
thin,  (piicklv  becomes  dry,  so  that  tin'  \arioi:s  cimldilions 
succeed  each  other  raj)idly. 

CHEMKt'VI,  'rilKRMoSCOI'E,  I1V< '.Re  >S('ol'lt;  \Nlt  i.r\n\*'i 

K(  >SI-.S. 

The*  chemical  thermoscope  is  math'  by  st'aline;  in  a  Inbea 
solution  of  chloride' til  cuball  in  dilute  .'htiiud. 
When  the  tubi'  is  snbjt'cled  to  a  (I'lnpet  at  are 
of  .jo'  to  50  h'ah.,  llu'  solution  becomes  pink, 
and  as  its  lem]U'rature  is  raised  to  o"  01  , 

it  passt's  throui^'h  various  shades  til  pm  pie.  .uni 
Ihiallv  beconu'S  bhu'. 

Till*  sanu.'  salt  applied  l<.  an  ariiln  i  d  llouei. 
a  rose  for  example,  rt'nders  it  \isiblv  hyepo 
sco[>lc.  Wdien  the  air  is  humid,  the  lo  **  $. 
[link;  and  when  the  air  is  warm  and  dm,  the 
rose  will  be  purple  or  blue.  A  solu{i«»n  «*!  flu- 
same  salt  constitutes  one  ol  the  sv  mp.it hr! ii  inks, 
r\  \v.  luminous  rose  shown  in  tin*  •..uue  %.tse 
with  the  hv^roseopie  rose  is  u  beauliiul  example  ol  tlir 
vvoiulerful  property  ol  storiuf^'  liy'ht  possessed  lt\  -.iiinr 
bodies.  'Idle  li;4'bl"Storin^^  propc'rty  is  yi\en  the  i.>se  !<v  a 
coatiup;  of  lumimms  paint,  tlu'  basis  ol 
whieh  is  sulphide  ol  ealcium.  ddiis  rose', 
if  exposed  to  a  .stnme;  Ug'ht  during'  the 
day,  w’ill  be  luminous  t Iirou|j;'hout  the 
ni^ht. 

I'he.  exact  nature,  of  the  elum|4:e 
which  take.s  place  in  tlu*  jihosplmrescent 
substance  wdiilc  exposed  to  the  liglit  is 
unknown.  It  is  supposed  to  be  due  to 


to». 


nygr«}»iC‘  f»»  4n»!  I.ntn 

idUUli 
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Cln‘iiiif:il 
'riit-i  1)10- 


sotiir  iiinilihinL^-  actinii  ti!  tiic  ii^hf.  I’atlicr  than  cluanit'al 
action.  It  has  been  aseeilaine<l  (hat  tin'  |>h<>s|ihtii'ese<‘nee 
takt's  place*  />.*  em/c*  a*,  u  ell  a*- in  air.  laiuiinous  paint  has 
many  pra<*lieal  applications.  It  is  nsetl  on  hnoys,  piiide^ 
posts,  L^att's,  etc.,  to  reiulcT  llje*ni  \asihlr  at  iiipht.  It  is 
upplieel  to  inati'h  sale’s  with  e!b\  itnis  aelvantaye. 
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I, KNIT. 

Various  hypol hoses  have  hca'ii  made  r(\';'ardiu^'  llie 
mil  lire  mid  oriji^in  of  li^iil.  'Llu'  most  imporlaiil  ol  these’ 
a,rt;  the  emission  or  corpuscular  lheor\'  and  the  undulaloi  \‘ 
theory. 

The  emission  or  corpuscular  Iheeiry  of  li^'hl  was  sup- 
ported  by  Newton.  It  supiioses  light  to  tronsist  of  esceed- 
ingly  small  particles,  projected  with  enormous  vi'h)eitv 
from  a  luminous  body.  Althougii  this  theory  seems  to  have 
sup])ort  in  many  ol  tlie  phenomena  of  light,  the  velocitv  of 
light  alone,  as  at  present  recognixed,  would  seem  to  render 


(-(iiupariHoti  of  Souuil  uiid  Taglit  Waves. 


it  untenable,  however  iniinitesimai  the  projected  partides 
might  be.  Tyndall  has  said  that  a  body  liaving  the  ueight 
of  one  grain,  moving  with  the  velocity  of  light,  would  p«»s. 
sess  the  momentum  of  a  cannon  ball  weighing  one  hmirlred 
and  fifty  pounds  and  moving  with  a  velocity  of  i.txso  feet  a 
second  ;  but  tlu!  most  delicate  t(‘sts  known  to  scieiu  c  have’ 
failed  to  show  that  light  possesses  any  mechanical  lorn’, 
'fhe  cmi.s.sion  theory  of  liglit  was  opposed  first  hv  Hooke, 
Huygens,  ami  iuder,  who  believed  that  the  prtjpagatiiut  of 
light  wa.s  due  to  wave  motion.  i\il  othm*  eminent  siaentists 
sup])oite(l  Newton  for  oiu^  hundred  vears,  but  the  uudu- 
latory  theory  was  fmally  established  fieyoml  a  cpiestion,  by 
Young  and  B'rcsncl. 


Siiuiul  i-  I >t't ij )a'4ah'» i  !»\  tlu'  alliTuatc  cninju'rssinn  aiul 
rarftait  inis  n!  ail .  t  hr  m.  eaiK-iits  I  il  tin*  uavi-s  hciiiLi,  pai'al- 
Icl  u  il  h  t  !u'  liiu*  n!  j u  nj la^al  inii.  !iu(  nn(  sn  witli  Ii'^lit.  I  hc 
\iliiatiniis  nl  lis^lit  am  at  lii’ht  angles  w  itli  it s  liiu*  nl  pin" 
I4'i  t'Nsinii.  riifsc  traiis\fisr  vibratiniis,  in  nnliaas'V  \\lulf 
ii^hf ,  am  iu  cvt'ia  I'niii  t'i\ alilf  iliri’ct inn  aarnss  thf  palli  nt 
thf  lii'lit  hraiu.  rist’ii  i  numt' is  i  t-pi  c’scnti*!  I  I^^  !)la^taiu  i, 
I'ii;.  i»Hs. 

Wb*  t  an  maililv  set*  hn\\  tin*  lnn.i;ilinlinal  vihratinns  <if 
air  uamitl  aifnt't  tin' t-ai  thuin.  a  slinus  ( his  aft  inn  tliai^rann 
mat  it  all V,  t hr  hni  i/tmt al  linr,  A.  i  rpt  t'srnt  in|4  t  hr  I  vinpamini. 
aiulthrtwn  aritius  t  hr  hnvvard  ainl  harkwanl  nintitsii  til 
tin' ail  uavr. 

( ‘ninpai at ivrlv  mrrnt  miri nst  t»piral  ri'sramh  has  shown 
that  thr  mfina  is  sttnhlril  with  hnr  rinl  S|  Us  s  hnwn  at  H, 
whii'h  am  snsrrptihlr  nl  hriuit  inllurnrrtl  h\-  thr  latrral 
nmvrmrnts  nl  thr  partii'h's  in  thr  wavr  litmt  nl  alight 
lu*am. 

Thr  l.n  t  that  light  is  wavr  nmlinn  nrrrssitatrs  thr 
assiunptitiu  n!  tin' rvislriit  r  ttl  a  nirtlinin  lar  nnnr  snhtilr 
than  mtlinar  V  inattri,  which  prtvadrs  all  inatfri  anti  all 
sparr,  ainl  is  in  tin'  intrr  inr  n!  all  hntlirs  nl  u  hatrvrr  natnrr . 
It  is  thin,  t'lasfir,  ainl  t  apahlr  t»l  t ratiMiiit ( ing  viluatinns 
with  rnninnnis  ^rhuitt.  Iliis  hvpnthrtiral  inrtliuin  is 
<  allrtl  riihf.  Tvr!  \  iumiuntis  hntlv  is  in  a  statrnl  vihratinn, 


am!  I  nmiuimiralrs  vilnalinfis  t«)  thr  surttnunling  rlhrr. 

Altlnnigh  light  is  pmpagafrtl  in  straight  linrs,  its  tliirc- 
linn  nun  hr  t  hangrd  h\  mllrrtinii,  hv  auv  hnth  that  will 

!n*t  uhnih  ahsnih  it.  I  hr  irllrt  ttnii  til  light  Itcnn  a  initt'nr 

is  a  w fll  km»w!t  rxainplr  nl  this.  I'ht'  tUrrrtinn  til  light 
inai,  also  hr  t  hangrtl  h\  irtiartinii,  l)\  t'aiising  it  ttJ  pass 
limn  mir  nnalitiin  into  aimthri  having  a  dilfrirnt  drnsitsa 
!U  Inthling  a  sf  I  tp  nl  pl.ilr  glass  nlditjnrlv  hrhim  a  pt'iiril 
nl  siniilai  nh|rt  t,  thr  ht'nding  nt  thr  light  hratn  is  shtiwn 

t»\  thr  appamut  hitrial  tiisphu  t'lnriit  nj  tin*  tjhjrrt. 

la’wis  Wiighf,  in  his  r\rrllrnt  work  nn  light,  givr.^ 
Iluvgriis'  rxplaiiatinn  nl  rrfrat  timi  as  fnlhiws: 

’’  Aftv  hrani  nl  light  has  a  wavr  trtmt  arrtiss  it,  atul  it  is 
nhvintiH  that  in  mrrtinir  anv  mtrartinir  surlarr  nhlimirlv. 
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one  part  of  this  wave  front  will  meet  it  before  iiiiotlicr.  Con¬ 
ceive,  then,  that  while  the  ether  })ernic5ates  the  open  struc¬ 
ture  of  ail  matter,  it  is  still  hindered  in  its  mol  ions  by  it,  as 
wind  is  hindered,  l)ut  not  slop[)('d,  by  the  trees,  'rhen  Irac'c' 
a  ray,  A  B  200),  to  the  refractiuij^  surfa(H',  C  l.h  mark¬ 
ing-  off  the  assum(xl  length  of  its  wave's  by  llu:  transverse' 
linCvS.  The  front  will  be  retarded  at  F  befon;  it  is  retardc-d 
at  F,  and  we  may  assume  tlu^  retardation  issncli  that  the  wave* 
in  the  denser  mtulium  is  oiilv  j»n)|)agated  to  Cl,  while',  in  tlu' 
rarer  mcalium  it  reaches  H.  It  is  plain  that  (lu;  beam  must 
swing  round;  but  when  the  side',  F,  also  reaches  tin*  denser 
n'.edium,  the;  whole  will  be  rcd.ardcd  alike  and  tlu*  be.ain 

F.(;. 


C, 


\. 


Cl 


(I 


0 


n 


Re’lrat'iiuit, 


will  proceed  as  before,  only  slowm*  and  in  a  dilTereut  dii'e*  - 
lion,  '(.’he  theory  c;xactly  Ills  all  tlu;  plu'mmiciia." 

As  the;  beam  enu'rges  from  the  tlmiser  metiiuni,  the 
reverse  of  wluit  has  lK;cn  desc:ribed  oecairs,  and,  jirovitled 
the  refracting  medium  is  of  uniform  thic-kness  and  densitv, 
the  iH'am  proceeds  in  a  path  paralhd  with  its  former  uaio-i'. 

In  lenses  and  prisms  the  emergent  ht'am  takes  an  o!»litjne 
path,  and  in  the  case  of  lenses,  eillum  converg<'nt  or  diver¬ 
gent,  according  to  the  kind  of  lens  and  the  position  of  the 
knis  relative  to  the  objt'ct. 


ERISMS. 

Any  refracting  body  having  i)lane  faces  indined  tr?  cueh 
other  is  known  as  a  prism.  A  light  beam  passing  tiinnigli 
such  a  body  is  permanently  ddlecp'd.  Ih;r  example,  a  eamlJe 


vicwt'cl  thrmii^'h  u  pri'-^in  phuH'd  as  shown  in  h'ii^.  2oi  will 
appt'ar  to  tin*  tihsrrvcr  in  an  c’U'vatnil  position.  'I'lu'  lip;ht, 
in  this  rasn  is  twifo  rftra(itMl,  oiu'f  on  (altering  the  ^lass, 
aiul  UL^aiii  on  h-avinp’  it. 

"riu’  toy  known  as  tin*  polypi'isin  tamsists  of  a  jilnnoaaui 
vrx  |.^lu.ss  havini4'  a  nnrulH’rof  plane  taccts  uu  its  cuuvcxt»ide. 

Kh., 


>  •-u}'.*  •  I  i  I'tr'Iii. 


d'hr  faeois  !«rinr;  at  s!i;diflv  tlillrrtatt  an;,;ir‘‘.  with  the 
plane  tat'e  m|  fh»'  "Ja’.'.,  the  !a\s  are  leh'aefeel  tlillei'enllv  at 
eathlaert,  fhn*  j‘e»!tt«iu;^  as  inaav  ima'»es  ,e,  (h«'re  are 
tarets.  t  Jw  man  semi  throii  di  tliis  instrmnent  appears  like 
an  assein'niap,r.  A  t  oiii  viewed  linopdi  it  is  mnitiplied  a* 

I  .  -s 


i*  a*, 


tJKiny  times  as  there  aia*  laeeis,  and  a  iffate  lire  appears  tike 
the  I  oitlhnjiaf inii  o|  a  t  itv. 

lids  fov  illnsiratf's  in  a  ennh*  wav  the  prineiplr  of  the 
lens.  rite  several  divisions  of  the  pt  ism  aie  aide  to 
rrftael  a  l»rani  of  Itirltl  as  to  render  it  eonvcTn'ent,  that  is 


204 


1 X 1 '  1  •;  1^  I M 1') X'r A 1 ,  s ( :  1 10  N  ( :  1-: , 


beam  as  it  receives,  so  that  all  of  the  j)assiii4*  throu<j;ii 

the  prism  will  be  concentrated  u[)on  one  speh,  whic:h  will 
corres[)ond  in  size  with  one  of  the  facx^ts.  'Phis  spot  marks 
the  principal  focus,  a.  })oiiit  at  which  tht*  ra}'s  cross,  anti 
beyond  wliich  they  diverg-t'. 

LIONS  KS. 

A  lens  inav  be  regarded  as  an  infinite  munbtu'  ol  prisms 
of  gradually  increasing  angles  arrange.tl  around  an  axis. 

Fitj.  203, 


Ilypotliuliral  Lcais. 


This  idea  is  illustrated  by  h'ig.  203,  in  which  is  shown  a 
hypothetical  lens  formed  of  prisms  of  differenl  angles. 

Rays  of  light  proceeding  from  the;  poini,  .S,  to  (lur  lens 
ure  refracted  difCerently,  those  mee.ling  the  outer  portion  <»! 
the  lens  being  more  dellected  than  those  passing  through 
the  inner  portions,  while  the  rays  coinciding  with  the  axis 


Fir,  204. 


Pon»)<i  tjf  Lunsfs. 


arc  not  refracted.  The  cmergcmt  rays  convergt*  to  the 
point.  S'.  Where  there  is  an  infinite  mituberof  inclined  sur¬ 
faces,  the  lens  will  have  siilierically  convex  surfaces. 

Of  converging  or  magnifying  lenses  there  are  tour  forms, 
three  of  which  yire  shown  at  i  2,  3,  in  Fig.  204 ;  i  being  a 
double  convex  lens,  2  a  plano-convex,  and  3  a  convex  tnenis- 


('US.  Tlu' lourth  form,  which  ih  a  douhlc  c<ui\ c‘\  with  iui  \ctl 
sides  <)1  dilfecciit  radii,  is  known  as  a  crossed  lens. 

()1  divcfjji’iu^' or  diininishiii”'  lenses  1  here  are  I hree  hn  nis, 
which  tirt'  also  rc'pri'senU'd  in  Id^’.  ,?o4 ;  .j  hein^'  a  doul)le 
('onea\'e,  5  a  plano-eoneavc',  and  fs  a  eoneuvt*  nu'iiiseus. 

IhiraUci  rays  on  enlerinj^'  a  double  eonvc'X  lens  art*  re 
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fraeted,  and  on  leaving;  tin*  lens  they  are  ayain  relraeled  sts 
that  they  all  ta)nver^('  at  the  point  h\  which  is  the  piineipal 
focus,  d'he  focal  len|4’tii  of  the  lens  is  tin*  distance  Iroin  the 
lens  to  the  f«>cal  point. 

When  lif»'ht  proceeds  from  a  point  and  is  rendered  con 
vt'rj^ent  by  a  lens,  tisshowii  in  .toj,  du*  point  to  which  (he 
rays  conver^^e  :ind  the  point  from  which  the  lif^hl  emanates 


{•'iti.  airfi. 


I’lliiOfi.i!  I'Hi  tin  <i|  .1  f ‘tJiM  .«v«>  f.rtui. 

iuark  (he  /,u  i  ol  (he  h*ns.  I..i^4hf  proct'etliji|,^  Irom 

the  point,  .S',  will  tonver^e  to  the  point,  S,  atid  in  like  man 
net  lii^ht  pitu  ending’ h oin  S  w  ill  i  i ni ver|.p*  to  the  point,  S  . 

At'omavt*  It'UN  lenders  a  paialiel  beam  div(*t  rtent,  an 
uctioti  W'hich  is  the  revets«’  of  that  of  tiu'  convex  le?»s.  If 
tin*  divtu’i^ent  ia\s.  after  passin|4  thiouj^h  a  ctnu  ave  hms. 
are  pr«>dticed  backward,  as  indit  ated  bv  the  dotted  lities  in 
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Pig.  206,  they  will  meet  in  the  point,  F,  which  is  called  the 
principal  focus. 

Rays  of  light  which  converge  toward  the  point,  S',  Fig. 
207,  before  refraction,  will,  after  refraction,  converge  to  the 


point,  S,  between  the  principal  focus,  F,  and  the  lens,  and 
light  emanating  from  the  point,  S,  will  diverge  after  passing 
through  the  lens. 

Converging  rays  passing  through  a  concave  lens  will 


Fig.  208. 


become  less  convergent  or  parallel  according  to  the  dis¬ 
tance  of  the  point  toward  which  they  converge. 

Rays  proceeding  from  the  point,  L  (Fig.  208),  to  and 
through  the  concave  lens  are  rendered  more  divergent.  If, 

Fig.  2og, 


f  B 

Real  and  Diminished  Image. 


in  this  case,  the  divergent  rays,  after  passing  through  the 
lens,  are  produced  backward,  as  indicated  by  dotted  lines, 
they  will  converge  toward  the  point,  /,  between  the  princi¬ 
pal  focus,  C,  and  the  lens. 

An  object,  A  B  (Fig.  209),  placed  in  front  of  a  convex 
lens  at  a  distance  greater  than  its  principal  focal  length  will 
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have  a  !ral  imai*f.  .i  /\  utt  t!u*  nthf»  side  nl  tlu*  lens  'This 
ima^r  is  iuvi'i  ttal  ami  !na\  In- ritlum  lariji'('r  tu'  siiuiIUt  (han 
thf  nbici  f.  U\  hnltliai'.  a  I'lmv  r\  IfUs  btMut'i'n  thr 

i)l»irft  ami  a  s\lutr  ualltu  mutu,  llu*  inui{4,'f  may  l>t*  satai. 

/l  f»  .  .‘Sm 


H*  a  iM 4 

Hv  <  h.uu.;iiu»  thf  if'lativr  ilistam  rs  tij  iht*  Mhjrt  t,  tlu'lcns, 
ami  tlir  Mirru,  tlu*  si/r  » »1  Jht'  tmai'r  mav  la-  vaiird.  hi 
’» *>  <  tlir  Mhirt  f  is  liistaiit  nau'c*  than  Iwitt'  fhr  hu'al 
It'indi*  fli*”  Irns.  riif  plmt* iiji aithn's  tamma 
this  |»i  iiii'inlr. 

hi  h'iiy  ’!<*  J-.  illusli atfd  a  fast-  in  whifh  tlir  Iras  is 
iiratri  thr  uliftnt,  A  II.  A  utayailird  iral  imanc'  is  ju’ti. 
dm  rd,  hi  this  t  asr  ihr  dist.im'r  «if  thr  (ihjrrt  is  j^tratri 
fh.m  tlir  sitiidr  lutal  Iriij'fii  “t  tlir  Iriis,  Imt  lrs\  thau  (witr 
its  hn  al  Irai'ftt.  t'h*'  laairtiifii;  laalrra  rKrm}»ii!ir,s  this 

jj!'im'i|»lr. 

I-'S'.  J  J  I 
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Whru  aa  A  II  f  -'tts  i’’  placaal  htiwcrn  thr 

Iras,  O,  aad  its  |»iiiiti|>al  Innas,  f,  a  \iiftial  ifiia^e*,  />,  is 
laiitirfi  u  ha  Is  is  rirt!  aatl  titaijaiftrd,  aad  whitii  a|ij»rajsat 
a  i^rcMtrr  dmtaiii  r  th.ia  tla"  iibjrrt.  This  tigatr  illustralrs 
thr  maanrr  ta  trim  It  *i|ijr«1s  ,irr  virwrti  hv  ;ui  artliaary 
ta.iijaih  ia^  hand 
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One  of  the  simplest  of  tovs  illuslradniui,'  the  aetioii  of 
convex  lenses  is  the  water  hull)  ma^’niher. 

It  is  asmall  hollow  sphere  of  <;'lass  filled  with  wator  and 
provided  with  a  pointetl  wire  arm  lor 
su})pc)rtin_<j^  l.he  ohjt'crt  to  hc^  examined. 
It  is  a  C'odding-ton  lens  laekini;’  (he 
central  diaprajL!,'hm.  It  answers  vt'ry 
well  as  a  microscoiie  of  low  powtuy 
and  illustrates  refraction  as  t'xhihiti'd 
by  fj^lass  lenses.  It  receives  the  rays 
from  the  object  placed  within  its  locus, 
and  refracts  them,  rendering'  (hem  c-on- 
ver^eut  uj)on  the  ojiposite  side  of  the 
bulb;  but  all  of  the  rays  do  not  converj^-e  ('xaetly  at  one 
point,  so  that  the  ima'^'e,  except  at  (he  c'cnter  ol  (he  held,  is 
distorted  and  indistinct.  I'lds  effect  is  sphericxd  aberration. 

MIRRORS. 

The  tioiivex  cylinder  mirror  shows  an  ordinary  object 
very  much  contracted  in  one  direction. 

The  pictures  accompauyin^j;’  these  mirrors  are  distorted 
to  such  an  extent  as  to  render  the  object  unreco|^nizable 
until  viewed  in  the  mirror,  which  corrects  the  ima^e. 

J^y  tracing  the  incident  ray  from  any  point  in  the  picture 
to  a  correspondinji^  point  in  the  iinajj^e  in  the  mirror,  then 
tracin;^  the  rellecied  ray  from  the  same  point  in  the  mirror 
to  the  eye,  it  will  be  found  tluu,  in  tliis,  us  in  all  other  mir» 
rors,  ilie  simple  law  of  rellection  ajiiilitts ;  that  is,  that  the 
angle  of  incidence  and  the  angle  of  rcncction  are  etpial. 

'file  concave  cylindrical  mirror  (Fig.  214)  is  the  reverse 
of  the  mirror  just  described.  It  produces  a  laterally  ex¬ 
panded  image  of  a  narrow  picture,  and  while  the  convex 
cylindrical  mirror  disperses  the  light  from  a  distant  somce, 
the  concave  mirror  renders  it  convergent;  but,  as  in  the 
case  of  the  water  bulb,  the  rellccted  rays  do  not  focus  at  a 
single  point,  but  cross  each  other,  forming  caustic  curves, 
'riiese  curves  may  be  exhibited  by  placing  an  ordinary 
cylindrical  concave  mirror  edgewise  on  a  white  surface,  aiul 
arranging  a  small  light,  such  as  a  candle  or  lamj),  a  short 
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Cylindrical  Mirror,  Caustlci. 
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tUslancc  from  the  mirror,  as  shown  in  llu'  c'nij;'raviiii!;'.  'I'he 
same  phenomenon  may  he*,  witnessed  by  ohservan”'  a  <;iass 
})aii]3'  lilled  with  milk,  arranfj;’ed  in  propc'i*  relation  to  the 
li^ht.  'riie.  inner  surface  of  the  gdass  servc's  as  a  mirror,  and 
the  surface  of  the  milk  serves  the  same  pur[iose  as  llu' 
whitepaper.  A  eylinclric  napkin  rln|.!;'  will  show  thV  curves 
under  similar  conditions.  In  fact,  any  brijj^ht;  concave  cylin¬ 
drical  surface  will  do  the  same  thin^. 

A  convex  spherical  mirror  distorts  to  a  remarkahlc 
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Spherical  Mirror, 


dcg;ree.  A  silvered  |j^Ia.ss  fj;lohe  held  in  the  hand  yield.s 
an  imag'e  something-  like  that  shown  in  the  engraving. 

The  sijcc  of  the  image  deiKaicls  upon  the  distance  of  the 
mirror,  and  is  always  less  than  that  of  the  object.  Tlie 
farther  the  object  is,  the  smaller  is  its  image*,  'fliis  explains 
the  distortion  ol  the  image,  which  appears  to  he  behind  the 
mirror. 

The  spiicrical  concave  mirror  produces elTccts  which  are 
the  reverse  of  those  just  deserihed  if  the;  object  he  nearer 
than  the  principal  focus.  In  this  case^,  as  in  the  other,  the 
virtual  image  aiipcars  behind  the  mirror,  and  is  a  magnilird 


Licirr.  Jii 

one.  'The  iina^’e  which  appc'urs  in  front  ol  tlu*  c‘oiu:avf  mir¬ 
ror  may  be  t'illu'r  iarii;er  or  smatlc'r  than  llu*  objeet  itst'll, 
<lepen(linf4'  upon  llu'  [losilion  ol  llu*  ol)j('el  rela(i\'i'  to  tiic 
mirror  and  the  obst'rvc-r. 

U  is  invc'rled,  and  is  formed  in  llu'  :iir.  .A  eandh*  plutanl 
betwc'.en  tlu^  cc'iil.er  of  eurvat.ure  ol  (he  mirror  and  llu*  itrin- 
cipal  focus  forms  an  iiivertt'd  inuii^a*  in  air,  whitdi  is  hin^'c'r 
than  itself. 

riiAN'roM  iu)i:(,)ui- r. 

'Plu^  phantom  boiupuh,  an  inl(‘n‘stin^  and  very  beantiful 
optical  illusion,  is  produced  by  placing'  a  bunch  ol  ilow(*rs 


f-onr.'ivr  I'hantnm  IlnuquPt. 

(either  n.atural  tjr artihcial)  in  an  inverted  position,  behind  a 
shield  of  some  sort,  and  projectin^^^  its  imatje*  inttJ  the  air 
by  means  of  a  concravc  mirror.  A  magnifying  hand  i^lass 
answers  the  purpose,  if  of  the  right  focal  length,  aiul  a  few 
hooks  may  serve  as  a  slueld.  Two  hhu’k-c^overed  Ijooks  are 
placed  ujion  ouc^  end  and  arranged  at  an  angle  with  eaeii 
otiitu',  and  a  third  hook  is  laid  horizontally  on  tlu'  ends  of 
the  standing  hooks.  'Phe  homjuet  is  hung  t«)p dowjiward  in 
the  angle  (d  the  Ixjoks,  anti  a  vase  is  placed  «»n  the  upper 
book,  over  the  hanging  hoiupiet. 
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'I’lic  conciivc  mirror  is  so  (hat  the  proIoUR'al ioti 

of  its  axis  ^vill  bisect,  the  anc;^'-'  lornu'd  by  liiu's  tlrawa  Irom 
the  top  of  the  vase  and  l.he  ui){)t‘r  part  ol  t  lit' susptaided  bou- 
(piet,  and  it  is  removed  from  the  boiupu't  and  vase  a  tlistance 
about  e([ual  to  i(;s  radius  of  curvature. 

A  little  expcriineiit  will  determine  the  correct  positioti 
for  the  mirror.  When  the  proper  atljusl  nieiit  is  reached,  a 
wonderfully  real  ima^e  of  the  boiupiet  appt'ars  in  the  air 
over  the  vtise,  ft  is  necessary  (hat  tlie  spectator  sliall  be  in 
line  with  the  vase  and  mirror.  With  a  tfood  mirror  ami 
careful  adjustment,  the  illusion  is  vt'ry  completi'.  I  lie 
bomiuct  bein^  inverted,  its  ima‘>'e  is  t'rtah.  A  very  elh'ctive 
way  of  illuminatinf^- the  bomiuet,  which  is  due  to  Pro!.  W*. 
Le  Conte  Stevens,  of  Brooklyn,  is  sluiwn  in  the  c'ni,»Tavin;'. 
It  conshsts  in  placing'  two  candles  near  the  liompn't  and 
behind  the  shieltl,  one  candle  upon  either  sidt*  o!  the  hou 
(pict:.  hi  addition  to  this,  he.  plaei's  the  entirt'  apparatus  tm 
a  pivoted  hoard,  st)  that  it  may  Ih'  swun*,^’  in  a  htni/ontal 
plane,  allowing"  the  phantom  to  he  viewed  by  a  nmnlier  n! 
spectators. 

This  simple  experiment  illustrates  the  principle  of  llm 
schcl’s  rellecting  telcscojic.  In  that  iustrument  the  image  ol 
the  celestial  object  Is  projected  in  air  by  reflection  am!  mag. 
nified  by  the  lenses  of  the  eyepiece.. 

MUI/ni-LI'  KKKLKCTION. 

The  kalcido.scope  is  one  of  the  most  heautiltd  and  incx- 
pensive  of  optical  toys.  It  can  be  purchased  in  the  oidmary 
form  for  five  or  tc'u  cents.  It  is  sometirnc's  edaboraudy 
inoimted  on  a  stand  and  provided  with  .specmlly  prepuretl 
objects.  It  consists  of  a  tube  containing  two  long  tnirrors 
commonly  formed  of  strips  of  ordinary  glass,  arranged  at  an 
angle  of  6o",  with  a  plain  glass  at  the  end  of  the  mhrtns, 
then  a  thin  space  and  an  outer  ground  glass,  tire  .space  being 
partly  filled  with  bits  of  broken  glass,  twisted  glass,  win 
cloth,  etc.  'riie  mirror's  may  be  arranged  at  any  angle 
which  is  an  aliquot  part  of  .Vro’,  When  the  mirrors, A,  are 
inclined  at  an  angle  of  6o  ,  as  in  the  present  case*,  the  olifcct, 
r,  together  with  the  five  refleeted  images,  will  form  a  tiexag. 


oiKil  lii^iirc  of  jLi'rcal  boauly,  whit'h  may  bo  ohani^'od  au  inlui- 
lU'  miinbor  of  litut's  by  Uu'niiijj;  the  instrument  so  as  to  c'ause 
tlu'  bits  of  g'lass,  I'lc:.,  to  fall  into  new  positions. 

'riie  ima‘j;es  adjoining'  tint  objeet  an*,  foriiu'd  liy  the  tlrst 
rellect.ions  oi  i.lu;  objeti'.  The  imai^'es  in  t  ht' second  s(a:tors 
are  formed  by  sca)nd  rellections,  and  two  coincident  images 


ANAl.VMS  and  HVNTItKStS  Of  LlOIft. 

An  ordinary  ^lass  prism,  such  as  tnay  be*  purchased  f{»r 
fifty  etmts,  is  surfieient  fortht;  rc‘st)luti«m  of  a  beam  of  white 
stinhght  into  its  etmsfituent  ecdcu’s.  Hy  projecting  the  tfis' 
persed  beam  oblicjuely  upon  a  smooth,  white  stirlai'e,  the 
spectrum  may  be  elongated  stj  as  to  pn*seut  a  gorgeous 
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appearance.  It.  is  not  tliriicull,  (n  uiulersland  that  whatever 
is  exhibited  in  the  S[)cct.nini  iinist  Iia\‘e  existed  in  the  li^ht 
before  it  reached  tlie  prism,  but.  tlu'  recombining'  ol  the  ei>l- 
ors  of  the  spectrum  so  as  to  prodiu'c:  white  lii^'ht  isnt  course 
conclusive. 

The  colors  of  the  vspcctriiin  have'  b('en  rnmbined  in  stw- 
oral  ways,  all  of  whichare  well  known.  Ntnvton’s disk  does 
it  in  an  imperfect  way  by  caiisin‘4'  the.  bleiuliuj^,  bv  persist¬ 
ence  of  vision,  of  surface  colors  presented  by  a  rotatin*^ 

I'lii,  -JllS. 

1  '• 


Simple*  RoeekiiiK  I'etsm. 


di.sk.  Li^ht  from  different  portions  of  the  speetnmi  has 
been  reflected  u])on  a  single  surface  !)V  a  .series  «if  plane  mir¬ 
rors,  lliiKS  nnitinf>f  the  colored  ray.s  formini^  white  liy-Jit.  I  he 
colored  rays  emer^ini^  from  the.  prism  liave  been  canieem 
traled  by  a  lens  U[)on  a  small  .surface,  the  beatn  resultini^ 
from  the  combination  being"  white.  Besides  lliese  inetlnnls, 
the  spectrum  has  been  recombined  by  whirling  or  roc*king 
a  prism;  the  movennentof  tlie  spectrum  being  so  rapid  as  to 
be  beyond  t!ic  power  of  tlie  eye  to  follow,  the  retina  reecdv- 


r. 


inii’llu'  iin[)rcssi( ui  nirrcly  as  a  haiul  of  while'  li^hl,  (he  coh 
ors  ht'iiii;'  uiilic'tl  by  thf  su[K’r|H isini;'  ot  tlic  lapiellv  sufcoi-tl- 
iui;'  iuipri'ssioiis,  wliii’h  arc  rclaiiu'i  1  lor  an  ajjprt'fiabh'  l(‘nL:;l  ii 
ol  liiuf. 

I'lic  t'ni;'ravini;'s  show  a  tU’vift'  lt>  hr  list'd  in  jdari  of  flu*, 
nrdinarx  rorkiuj^-  prisni,  ll  !•;  priiri'tly  simple'  and  iuvtdvrs 
IK)  inrfhanism.  ll  ronsisis  u(  an  iiirspt'usivr  prism,  liaviii”' 
altarhrd  lo  I lu' knob  on  rit hri  rud  a  rnblirr  band.  In  ihr; 
prrsrnt  rasr  thr  hands  an*  atlaiiird  b\  nuikini;'  in  «'arh  a 
short  slit  and  in  a-rtiu^*  tlu*  knobs  ol  thr  prisms  in  ihr  slits. 
'I'lir  rubber  bands  are  to  hr  iu'Kl  by  inst'ii in,!4,'  twii  ol  llu*  lin- 
Ij^ri s  in  rai'h  and  dra wini>' t hrm  lanb  I'hr  prism  is  held  in 
a  beam  ol  sunli^^ht,  as  shown  in  I'‘if4‘, 
aiS,  and  with  one  lin[;rr  tin*  prism 
is  j^ivrn  an  tisrillalini^'  motion,  riir 
band  f>f  li^ht  thus  rlon, putt'd  will 
have  piismatir  rolors  at  opposite 
ends,  but  (hr  entire  eenlral  portion 
will  !)('  white,  To  show*  that,  (he 
colors  ol  the  Hpc'etnim  pass  over 
ever\  peu'tion  ot  the  path  of  the 
Ii|4'h(,  as  indicated  by  the  baud,  the 
pnsin  may  he  roc:ke*fl  vny  slowly.  ' 

An  iirtUnary  prism  may  bt*  made  to  exhibit  sev(*ral  h  raun- 
ho(e!’’s  lint's  by  :uTangin|4;  it  in  front  ol  a  narrow'  slit,  through 
which  a  beam  of  Hunlij^’ht  is  admitted  to  a  darkt'ued  rotmi. 
( )iu' side  ol  the  prism  in  this  {‘xperinu'nt  must  bt*  atijusted 
at  a  very  small  an|4;le  with  the  ineidt  nt  lu'um.  ddu*  spec- 
trnm  will  t:ontain  a  number  ol  lintt  dark  lines,  known  as 
Fraunholer’s  lines. 

These  lint's  tell  of  tin*  tronstitutum  of  tin*  snn.  Idte  prin¬ 
ciple  illustrated  liy  this  experiment  is  tlie  outt  upon  whieh 
the  Hpectrosi:ope  is  bast'd.^ 


StMI'LM  Ml.THoti  or  I'Uotna  iNt;  *  111;  sfl.eTUCM. 

C’ohir  is  a  sensatitm  tint'  to  tlu*  t'xt'itatitm  of  the  rt'timi 
by  waves  havin|^  a  certain  rate  td  vibration,  d'ho.se 

^  bur  fiutlirt  iiiturstoUiin  on  Uto  siihicrl  ihn  tr.ulrr  in  trtrttrd  U> 
‘'Siuttlrs  in  Spnarntfi  An-tty^is,"  tiy  j.  Noruun  J.orkvrr. 
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having  the  highest  rate  capabk'  of  affcH'ting  tlu^  eye  an*  jU'r- 
ceivcal  as  violent,  wliile  those;  ol  the  lowt'Sl  rale- art*  ptneei\a‘tl 
as  reel.  /Vecordiiig  to  Ogden  Rooel’s"  ModcTU  C  liroiuaties,’* 
the  rate  of  the  former  is  757  billions  of  waves  per  secoml, 


IJC-IIT. 


Newton  discovered  a  way  of  re.solviuijf  wtiil.c  l.\e;-ht  into  its 
constituent  colors.  lie  made  exhaustive  (‘x[)(‘rinuait.s  witli 
prisms,  ftrst  produciui.^  (lie  g'or^eous  array  of  colors  known 
as  the  spectrum,  then  recombining  (lie  colored  rays  by  means 
tinotlicr  prism  procluciufj;'  white  li^ht.  He  found  that  the 
colors  of  the  spectrum  were  simple,  /  r.,  they  could  not  la* 
further  decomposed,  and  he  also  demonstrated  that  tlu‘.  red 
rays  were  the  least  and  the  violet  rays  tin;  most  ndran^iblc. 

The  solar  spectrum  is  always  a  deli^dit  to  the  v.ycs  ol 
every  person  having  normal  eyesight,  and  it  is  a  simple;  mat¬ 
ter  to  produce  it  by  means  of  a  prism.  When  a  prism  is 
not  available,  it  may  be  produced  in  the  mamim’  illustrated 
by  Figs.  220  ami  221.  This  method  is  im;xpensive,  and 
yields  a  large  spectrum.  The  materials  reepured  arc  a  piece 
of  a  plane  mirror,  five  or  six  inches 
square,  a  dish  of  water,  and  a  she.et 
of  white  paper  or  a  white  wall. 

The  mirror  is  immersed  in  the 
water  and  arranged  at  an  angle  of 
about  60' ;  this  angle,  however, 
may  be  varied  to  suit  the  direc¬ 
tion  of  the  light.  The  incident 
beam  received  on  the  mirror  is  re-  Dingmuj  of  .Sjmtarum 
framed  on  entering  the  water  and  Aaputatu*., 

dispersed.  It  is  further  disperscul  upon  emerging  from  the 
water.  By  causing  the  rclleekul  beam  to  strike;  oblitpiely 
upon  the  white  paper  or  wall,  the  spectrum  thu.s  prodmxal 
may  be  made  tt)  cover  a  large;  surface;, 

Hhemld  the  sun  be  tea#  high  or  toei  huv,  the  prope;r  dire;c- 
tion  may  be  given  t«)  the  iiuadent  beam  by  meau.s  of  a  sec¬ 
ond  mirror  held  in  the  hand,  The  diagnun,  Mg.  221,  shows 
the  diren’tion  ed  the;  rays. 

Home  very  interesting  absorption  experiments  may  be; 
made’  in  etoime’Ctieju  with  this  simple;  appaiutus.  b'or  e*x 
ample,  ttolored  glass,  or  sh(;e’lH  ol  colored  gelatine,  may  be 
placed  in  tin;  reilcai.etl  beam.  If  ret!  be  placaal  in  the  path 
of  the  beam,  red  light,  with  perhaps  some*  jedlow,  will  pass 
through,  wliile;  the;  other  colors  will  be;  absembeal,  ami  will 
ucd,  tluTefeu’c,  appear  tm  the  wall.  With  the  edher  colors 
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the  s;iine  phciiornenon  is  ohscrvetl.  Each  I'olonal  R'lass  or 
gelatine  is  transparent,  toils  own  color,  hut  o[)a(ine  to  other 
colors.  It  will  be  ol)ser\''e(l  tliat  ft'W  bodies  have;  sitnph* 
colors. 

In  a  similar  manner  a  piece,  ol  red  paper  or  ribbon 
placed  in  the  real  portion  of  the;  s[Ka:(rmn  will  re'lha-t  that 
color,  but  if  placed  in  some  otlu'r  part  of  the  spea'tniinit  will 
a|)pear  dark,  the  otlier  colors  iHangabsorhe'd  or  (juenched  by 
the  coloreal  surfacaa  It.  is  seam  by  the‘S(‘  emperinumts  (hat 
when  light  [)a.sses  through  a  t.-oloreal  gla.ss  or  him,  if  doe's 
not  retain  all  its  colors.  It.  is  simply  a  matte'r  of  straining 
out  every  t'olor  excc'pt  that,  to  which  the  gla.ss  or  him  is 
transparent.  In  reality  only  a  small  part  ol  all  the  light 
striking-  the  ('.olore;tl  glass  passe's  through  it. 

In  the  above;  eK[)e‘riuu'nt  it  is  c;sscutial  to  eivoid  all  jarring 
of  the  water,  as  rippU's  upon  its  surfae’e;  dcfe'al  the  expe-ri- 
iiieut.  If  it  is  jiossiblc;  to  so  place;  lluMlish  as  to  avoid  jar¬ 
ring,  the'  rip[)lt;s  may  be  pre'veute'd  by  suspc'uding  ti  trails 
parent  plane  glass  horizontally,  so  that  its  under  side  will 
just  make  com, act  with  the  surface  of  the  water. 

NKW  e'llROMATUOl’K. 

A  novel  teiy  which  illuslnites  some  of  the*  phc'tiome'Uii 
of  color  is  illustrated  b}'  h'ig.  Upon  the  spindle*,  A,  is 

secured  :i  star,  B,  formed  ol  I  wo  triangular  pie'e*e*s  of  paste¬ 
board  arnuigcd  .so  that  thcar  points tdternafe.  One*  triangle 
is  red,  the  other  bluish  green ™eomplementary  coleirs, 
which  [>rodu(;e  white  wiu'n  they  are  hleiuh'd  by  the*  reUation 
of  the  star.  In  the  angkis  of  one  of  the  st:irs  are  see'ured 
wire  nails,  which  serve  as  pivots  for  the  thrc*t'  di.iks,  U,  as 
shown  tit  I  and  4.  Each  disk  is  divided  into  three  eepud 
juirts,  whieli  arc  colored  respectively  n‘<h  green,  tuul  viole-t. 
The  disks  overlap  at  the  center  of  the  sttir,  B. 

Around  the  spindle,  A,  is  wound  a  c:ord  which  passes 
through  the  loop  formed  in  the  sttir  frame  in  wldith  the 
.s])indlc  is  journaled,  and  is  provided  at  its  end  with  tilmttoii. 
D.  By  pulling  the  cord,  the  sttir,  B,  i.s  whirled  first  in  one 
direction  and  then  in  the  otlier.  As  the  series  of  disks,  i\ 
turn,  the  colors  arc  hlendeil  in  different  ways,  tii'cording  to 
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pfcvt'iit.cd  from  luniin^'  ou  tlu'ir  pivots  l)y  s(rc'tt'liin_<j;"  ovi'.r 
racli  disk  a  small  rubbt'r  baud. 

'Phc  maker  of  ( his  sim[)lc  toy  has  siu-cfculcd  in  scouring’ 
colors  which  produce  remarkably  !j;ood  clfci'ts. 


I'MKSIS'rKXilK  OK  \'IS[OX. 

'riu'  zoelr()i)o,  or  wheel  of  life,  is  a  eoiumou,  but  in1('n^st> 
iuf;’,  optic'al  toy.  It  depends  for  its  cairious  (.'iknUs  upon  the 
pc'rsistemx;  of  vision.  It,  c'onsists  of  a  cylindritail  papt'r  box 
inouuled  on  a  [)ivot,  and  bavin, e;  near  its  upper  ed^’c*  a  series 
of  narrow  slits,  whic:h  are  parallel  with  its  axis.  A^'ainst  the 
inner  surface  of  the  wall  of  tlu'  box  is  placed  a  paptu*  slip, 
carrying  a  number  of  iina<,j;cs  of  the.  same  objt'ct  arran|j^('d  in 
Fa;  '’2'^  many  different  jxisitions,  each  inia|,^e  dil- 

feriu^jf  sli.R’htly  from  the  adjoining-  ima|,^es, 
tlu;  siuHaxssive  i)osltions  of  lh(‘.  .several 
image's  bcan^’  siu'h  as  to  cxmiplete  one 
entire  motion  or  seiaes  of  motions. 

When  these  pictures  are  viewed  through 
the  slits,  as  the  box  is  tunual,  the  t'ye 
jj^limpses  the  liji^ures  in  .sut:cession,  and 
/octropc.  retains  the  imu^e  of  each  during'  the  time 
of  eclipse  by  the  [laper  between  the  slits  and  until  the  next 
ii|i^ure  appears.  The  iiua|j^es  thus  blend  into  each  other,  and 
g’ivc  the  li”;ure  the  a[)[)earanee  of  life  and  action. 

Some  very  interesting;’  studies  for  the  zoetrope  have  Imen 
produced  by  tlie  aid  of  instantaneous  plioto|>;raphy. 


IRRADIATION. 

Brillianlly  illuminated  white  surfaces  aud  selfdumimms 
bodies,  when  cmittiujif  wbitt‘ lijjfbt,  ajipear  to  the  eyti  much 
iarp;er  than  they  really  are.  In  nuturt;  t’xatnplcs  of  this 
phenomenon  are  prestmted  by  tlu*  sun,  moon,  and  stars,  'riu* 
sun,  viewed  with  the  naked  eye,  appears  viuy  nuu:!i  latp*cr 
than  when  the  lip;'ht  is  modilied  by  a  smoketl  ^’lass.  *riu- 
crescent  of  the  moon  appears  to  proji'ct  lieyond  the  moon's 
jieriphery;  aud  the  stars,  which  arc*  mere  points  oi  li|^ht 
even  when  viewed  through  the  lar|j;est  telescope,  appear  tec 
the  eye  to  liavc  a  di.sk  of  some  si;<e. 


l.Ulll'l'. 


plifnoiiu'iioii  -knnwii  as  irrailiatiuu  is  iliit*  li i  tlu* 
stiiuulalidu  or  s\'nniatlu'(it:  artion  ol  tlu‘  lua'vt's  ni  tho 
rcliua  adjoiiiiiii;' those  whieh  aelually  receive  ilu'  iniat;e. 

'The  cauls  of  pic'c'c'S  of  iron  healed  to  incaudt'seeiu'e  by 
tlie  hhuivStuith  lor  \veldi11j4' seiaii  to  be*  unduly  eiilaryed 
au  appearance  due  to  irradiation. 

Wilhout,  doubt.  Ilu*  most  St  rikinc;*  illustrations  <il  irrailia 
tion  are  to  iu*  found  in  c‘lt*ctric*  ilhunination,  Tlu*  electric, 
arc*,  which  is  no  larj^-er  than  a  pc*a,  appt*ars  to  tlu*  eye  as 
hu'fji'e  as  a  walnut  ;  and  the  lilanu*nt  ot  an  incaudescc'ut  lamp, 
whit:h  is  scarc*t*ly  as  lai’i^'e  as  ti  horsc*hair,  app(*ars  as  larf^m  as 


Alt  Kxamitir  of  trraeliruuiti, 

a.smaUlead  pencil,  fn  viewinjx  an  ordinary  inc.andc'scent 
lamp,  it  is  difficult  to  ludieve  tluit  the  d(*licate  filament  is  not 
in  some  way  immensely  enlarj4'i‘d  by  the  clecttric:  current  or 
by  the  heat,  but  tin*  experiment,  illust  rated  by  the.  miiyravintj 
shows  that  tin* si/e  of  the  filam(*nt  is  unehani^ed,  and  prost*^ 
that  the  effect  is  produced  in  tlu*  c*ye. 

'fhe  e\pcTinH*nf  consists  merely  in  holdini^  a  smoked 
or  darkly  colored  i^^laxs  hetwc'cm  tlu*  c*ve  and  the  lamp,  'fhe 
glass  euts  off  a  large  percentage  of  the  light,  and  c’luddeslhe 
eye  to  .see  the  filanu'nt  as  it  really  is. 
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The  effects  of  irradiatiori  arc  different  in  dillc'rent  per¬ 
sons,  and  they  are  not  always  the  same  in  the  same  person. 


iNTKNsn’Y  OF  Lioirr. 


It  is  estimated  that  5,500  wax  candles  would  be  rei|uired 
to  illuminate  a  surface  twelve  inches  distant  as  stronf^ly  as  it 
would  be  illuminated  by  the  sun,  while  the  lig"!!!  of  a  siuf^le 
candle  at  a  distance  of  126  inches  would  ecjual  that  of  the 
full  moon.  The  relative  intensities  of  the  light  of  the  sim 
and  moon  are  as  600,000  to  i. 

Light  from  different  sources  can  be  compared  and  mcas. 
iircd  by  the  pliotometer,  several  forms  of  which  have  been 
devised.  The  usual  way  of  determining  the  intensity  of 
light  from  any  source  is  to  compare  it  with  a  standard  of 
illumination,  a  “sperm  caudle  weighing  ^  pound,  and  burn¬ 
ing  120  grains  an  hour,”  being  commonly  used  for  tins  pur¬ 
pose.  Thus  it  is  that  a  gas  lUimc  or  au  electric  lump  is  rateil 
at  a  certain  caudle  ])ower. 

\)wmg  to  the  divergence  of  luminous  rays,  the  intensity 
of  light  decreases  i-apitlly  as  the  illuminated  surface  is 
temoved  from  the  source  of  light  This  may  be  readily 
shown  by  holding  a  screen,  say  I2  inches  scpiarc,  half  way 
between  a  lamp  and  the  wall.  The  shadow  of  the  screen  cm 
the  wall  will  be  24  indies  square.  If  the  light  falling  cm  the 
screen  be  allowed  to  proceed  to  the  wall,  it  will  cover  the 
area  which  was  before  in  the  shadow  of  the  screen.  This 


area  being  four  times  as  large  as  that 
seen  thar  the  light  which  was  received 
when  distributed  upon  a  surface  four 
reduced  in  intensity  to  one-fourth  of 
screen.  It  is  thus  .shown  that  the  i 
inversely  as  the  sejuare  of  the  distanc 
distance  of  the  illuminated  surface  fron 
is  doubled,  it  receives  oiie-fourth  the 
three  times  the  distance,  erne-ninth,  and 
The  law  of  inverse  scpiares  may  be  t 
extemporized  i>hotometer,  shown  in  Fi^ 
white  cardboard  screen  is  siipiiorted  a 
sources  of  light  to  be  compared  are  an 
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separate  shadows  of  the  rod  on  the  screen.  If  the  sources 
of  light  when  equally  distant  from  the  screen  form  shadows 
•of  the  same  depth,  their  illuminating  power  is  the  same. 

When,  however,  the  intensities  of  the  two  lights  differ, 
the  shadows  will  differ,  and  it  will  be  necessary  to  remove 
the  stronger  light  to  a  greater  distance  to  secure  shadows  of 
equal  depth. 

In  the  experiment  illustrated,  the  single  candle  being 
distant  one  yard  from  the  screen,  it  is  found  that  the  group 
of  four  candles  must  be  placed  two  yards  from  the  screen 


Fig.  225. 


Photometer. 


to  secure  shadows  of  the  same  intensity.  Nine  candles 
would  require  removal  to  a  distance  of  three  feet,  and  so  on. 
All  the  candles  of  the  group  must  be  in  the  same  line  in  the 
direction  of  the  rod.  The  eye  is  able  to  detect  a  difference 
of  one-sixtieth  in  the  values  of  the  shadows,  provided  the 
lights  be  of  the  same  color. 

OPTICAL  ILLUSIONS. 

It  is  sometimes  difficult,  even  for  the  practiced  eye,  to 
accurately  estimate  distances  and  dimensions,  and  to  cor¬ 
rectly  appreciate  forms.  Very  much  depends  upon  the 
relation  of  the  object  viewed  to  surrounding  objects.  Two 
straight  parallel  lines  of  equal  length  would  be  appreciated 
by  the  eye  in  accordance  with  the  facts,  but  when  a  light 
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line  is  drawn  i)crpcndicular  to  a  heav}'  one  of' the  same 
length,  as  in  Fig.  226,  the  eye  at  once  accords  the  grcaler 
length  to  the  lighter  line. 

In  the  case  of  two  like  parallel  lines  joined  at  the  ends 
in  one  case  with  outwardly  convergent  line's  and  in  the 
other  with  outwardly  divergent  lines  (Fig.  227),  tlie  apparent 
difference  in  the  length  of  the  lines  is  considerable. 

It  often  liappens  in  engineering  drawing  t\iat  a  sectional 

Fk;.  2a7. 
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view  will  present  some  curious  distortions,  which  give  tlu* 
drawing  the  appearance  of  being  incorreert,  but  which  in 
reality  arc  only  illusions.  Fig.  228  is  an  example  taken 
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black  bar  appears  to  be  a  proloug-ation  of  the  lower  oblicpjc 
line  below  the  bar.  That  such  is  not  the  c^asc  may  besiiown 
by  placing  a  card  against  the  line  above  the  bar  or  sighting 
it  endwise.  It  will  thus  be  siiown  that  it  is  a  ])rolongation 
of  the  ii])pcr  of  the  two  lines  below  the  bar. 

The  curious  optical  illusions  shown  in  Figs.  233  and  234 
were  published  some  time  since  in  a  h'rench  scientiiic 
journal.* 

Fig.  233  represents  two  pieces  of  paper  or  cardboard  cut 
into  the  shape  of  arcs  of  a  circle.  Which  is  the;  larger  of- 
the  two?  To  this  the  answer  will  certainly  be:  "  It  is 
No.  2.”  But  if  No.  1  be  placed  under  No.  2,  the  answer  will 
be  just  the  reverse.  'Phe  fact  is  that  both  arc  exactly  of  the 
same  size,  as  may  be  seen  by  measuring  them,  or  by  laying 
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one  upon  top  of  the  other.  When  the  two  figures  arc  placed 
so  close  together  that  their  edges  touch,  the  illu.sion  i.s  still 
greater. 

Which  is  the  talle.st  of  the  three  persons  figured  in  the 
annexed  engraving?  If  we  tru.st  ou*  «}"•••*.  we  shall  txT 
tainly  say  it  is  Nt).  3.  But  if  we  take  a  pair  of  compasses 
and  mea.surc,  wc  shall  fmd.tliat  we  have  been  deceived 
by  an  optical  illusion.  It  is  No.  i  that  is  the  tallest,  and 
it  exceeds  No.  3  by  about  0*08  inch. 

The  explanation  of  the  phenomenon  is  very  simple. 
Placed  in  the  middle  of  the  well  calculated  vanishing  lines 
the  three  .silhouettes  are  not  in  perspective.  Our  eye  if 
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distance,  and,  seeming  to  see  No.  3  rise,  concludes  there 
from  that  it  is  really  taller  than  the  figures  in  the  fore 


An  OpHral  tllu«inn, 

I'he  origin  of  the  engraving  is  no  less  curious  than 
the  engraving  itself.  It  se^rves  as  an  advertisement  ftm  an 
English  soap  manufacturer,  vtdto  prints  his  name  in  van» 


.228 


EXPERIMENTAL  SCIENCE. 


ishing-  perspective  between  each  of  the  decreasing  lines,, 
and  places  the  cut  thus  formed  in  a  large  number  o£ 
English  and  American  newspapers. 

Here  is  a  row  of  letter  S’s  and  one  of  figure  eights,  taken, 
at  random.*  At  a  casual  inspection  the  reader  might  say  the 
letters  were  symmetrically  made — that  is,  the  top  and  bot¬ 
tom  lobes  of  the  figures  and  letters  the  same  size — though 
upon  a  close  inspection  he  would  either  say  that  it  was. 

S  S  S  S  S  S  S 

8  8  8  8  8  8  8 

doubtful  whether  any  difference  existed  or  he  would  notice 
the  true  relation  that  exists,  the  top  lobe  being  the  smaller^ 


Fig.  235.  Fig.  236. 


Professor  Thompson’s  Optical  Illusion. 


Let  him,  however,  turn  this  page  upside  down,  and  the  most 
cursory  glance  possible  will  show  him  their  shapes,  and  the 
dissimilarity  between  the  upper  and  lower  halves  will  strike 
him  with  astonishment  if  he  never  tried  the  experiment, 
before. 

One  of  the  most  interesting  of  optical  illusions  is  that 
devised  by  Prof.  Silvanus  P.  Thompson.  This  is  illus¬ 
trated  by  Figs.  235,  236,  and  237.  The  first  of  these  figures 
is  composed  of  a  series  of  concentric  rings  about  a  twen¬ 
tieth  of  an  inch  wide  and  the  same  distance  apart.  If  the; 


*  l^r.  G.  Watmough  Webster,  in  British  Journal  of  Photography. 
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irradiation,  appear  much  larger  than  the  black  ones,  althouf^h 
they  are  of  exactly  the  same  size. 

Fig.  240  illustrates  an  interesting  illusion  observed  by  Mr. 
J.  RapielT,  tlie  well  known  elect riedan.  'Fhe  apparatus  c'ou- 
sists  of  semicircular  and  circular  wire  loops,  provided  with 
axles,  by  which  they  may  be  twirled  between  the  thumbs 
and  fingers.  The  lower  row  of  figures  sliows  some  of  tlu‘ 

FitJ.  240. 


loops  useri  in  tne  experiment,  wane  me  upper  ngures  repn 
sent  the.  effects  produced.  The  wire  has  a  polishetl  surfurt 


in  the  upper  right  hand  figure,  vvlum  three  of  the  loops 
arc  joined  together,  each  extending  from  the  «»ther  at  an 
angle  of  120'*,  the  figure  produced  is  similar  (tj  that  alreadv 
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described,  but  with  two  perfectly  distinct  (Curved  black  Hues 
extending  from  one  axle  to  (he  other,  as  shown  in  the  upper 
central  Hgiire.  When  four  loops  are  joined  at  ri^'ht  angles 
to  each  other,  three  jet  black  lines  are  sliown,  as  indicated 
in  the  upper  left  hand  hijfure.  A  circular  loop  shows  a  sin¬ 
gle  bh'tck  line. 

'I'his  curious  effect  is  produced  by  holding  thc‘  ajiparatus 
so  that  the  light  is  reflected  as  much  as  possible  from  the 
inner  surface  of  the  wire,  'riu*  result  is  due  t(»  (he  eclipsing 
of  the  briglit  surface  by  tlie  shaded  portion  of  (he  uppt'r 
loop  as  it  passes  between  the  eye  and  the  lower  loc»p.  The 
whole  of  the  loop  is  not  eclipsed  at  the  same  instant,  but 
persistence  of  vision  causes  the  entire  eclipse  to  be  seen  at 
once. 

Success  in  this  experiment  depends  upon  holding  the 
loops  in  the  right  position  relative  to  the  light,  as  well  as 
the  })rovision  of  the  proper  backgrtnind.  The  loops  slumld 
be  held  over  a  dark  ground,  with  the  axles  parallel  with  the 
plane  of  vision. 


V()LAKI/,K1)  I.ICm. 
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Lig'ht,  in  the  state  of  two-sidedness  as  observed  by  New¬ 
ton,  is  still  known  as  polarized  lij;*ht.  Hy  insert inj^  the 
double  refracting' crystal  known  as  tounnaline  between  the 
eye  and  the  rhomb  of  spar,  and  turning  it,  the  ordinary  and 
extraordiniu'y  rays  will  be  extinguished  and  will  nxippear  in 
alternation.  All  vibrations,  except  those  cxecutet,!  parallel 
with  the  axis  of  the  tourmaline,  are  cpienched.  A  Nicol 
prism  (to  be  described  later  on)  will  do  the  same  thing. 
When  the  Nicol  is  turned,  the  black  spots  seen  by  the 
two  rays  become  alternately  visible  and  invisible.  One- 
quarter  of  a  revolution  of  the.  prism  is  suOii  lent  to  extin¬ 
guish  one  ray,  and  bring  the  other  out  ;  and  a  further  turn¬ 
ing  of  the  prism  through  another  (piarter  of  a  revolution 


Fih.  24a. 


Fni.  243. 


parallel  with  a  single  plane  is  plane-polarized.  Both  of  the 
beams  emerging  from  the  spar  are  therefore  plam*-polar» 
ked,  but  in  different  planes. 

The  course  of  the  light  tlirough  the  rhomb  tif  Iceland 
spar  when  the  incident  ray  is  perpemlieular  to  «iue  cd  the* 
faces  of  the  crystal  is  shown  in  Fig.  242.  'Fhe  ordinary 
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When  tlu'  incident  ray  enters  tlie  side  of  the  rhoml)  at 
an  ang'le  (us  slio\vn  in  Fi^.  243),  the  ordinary  ray  follows  lh(‘ 
law  of  refraction,  and  the  extraordinary  ray  is  bent  away 
frotn  the  ordinary  ray,  as  in  the  other  case. 

The  most  perfect  instrument  for  pohiriziiifif 
lif^ht  and  analyzing’  it  after  its  polarization  is 
the  Nicol  prism,  made  from  a  rhomb  of  Iceland 
s[)ar,  and  named  after  its  inventor.  In  this 
prism,  the  ordinary  ray  is  disposed  of,  and  the 
extraordinary  ray  alone  is  u.sed. 

The  prism  which  is  shown  in  h'ig.  244  coii- 

sivSts  of  a  rhomb  of  Iceland  spar,  divided 

through  its  axis  on  the  line,  I)  I),  with  its  ends 

cut  off  at  right  angles  to  this  line.  'Phe  two 

halves  of  tlu‘  prism  are  cemented  togetlier 

by  (Canada  balstnn,  whose  index  is  between  that 

of  the  two  indices  of  the  spar,  so  that  the  ,,,,  ,  „  , 

,  Nictil  I’riutn. 

ordinary  ray,  B  C. ,  meets  the  film  of  balsam 

at  an  angle  which  is  sufliciently  oblicpie  to  secure  the 

reflection  of  this  ray  to  one  side,  where  it  is  lost,  while 
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as  an  analyzer,  and  since  tlvc  Nicol  prism  is  unsurpassed  as 
a  polarizer,  it  will  answer  ecpially  wtdl  lor  an  aiialy/t*r. 

Perhaps  the  action  of  polarized  li|4'lit  eannot  be  better 
illustrated  than  by  a  represtmtalion  ol  a  In'potlii'tieal  beam 
of  li^ht  and  two  tourmaline  plates  { Fife*  ~45 1-  I  shown 

the  beam  of  li^dd  with  vibrations  traversinf»*  the  path  of 
the  beam  in  two  directions.  On  reachiiife  the  first  tourma¬ 
line  plate,  tho.se  vibrations  which  are  parallel  with  the  axis 
of  the  tourmaline  ciystal  (represented  by  the  parallcd  lines) 
arc  readily  transmitted,  but  all  tin*  vibrations  iti  anv  other 
direction  are  extin|xuislu'd.  'Phe  beam  now  polarized 
passes  on  to  the  second  tourmaline  plate,  and  the  axis  of 
the  crystal  bcinf,^  arraufred  at  rij^ht  unifies  with  the  plane 
of  vibration,  it  is  extiiififuishcd :  but  if  the  axis  of  the 
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Tourmaline 


second  tourmaline  is  parallel  with  the  plane  of  vibration, 
the  li^rht  will  oas.s  throuc'h. 
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Besides  those  means  of  polarizing  light  already  described, 
there  are  others  which  should  be  examined.  Light  is  polar-, 
ized  by  reflection  at  the  proper  angle  from  almost  every 
object ;  glass,  water,  wood,  the  floating  dust  of  the  air,, 
all  under  certain  conditions  will  polarize  light. 

That  the  light  beam  becomes  polarized  may  be  readily 
ascertained  by  receiving  it  through  a  double-refracting  body 
and  an  analyzer. 


Fig.  24c. 


Fig  250. 


Polarization  by  Reflection  and  Refraction. 

Two  plates  of  unsilvered  glass,  receiving  and  reflecting- 
light,  as  indicated  in  Fig.  249,  act  respectively  as  polarizer 
and  analyzer. 

For  every  substance  there  is  an  angle  at  which  the  polar¬ 
ization  is  at  a  maximum.  For  common  window  glass  the 
angle  the  ray  must  make  with  the  normal  is  54°  35^  This  is 
called  the  polarizing  angle.  It  depends  upon  the  index  of 
refraction  of  the  glass,  and  is  such  that  the  reflected  and 
transmitted  rays  are  at  right  angles  to  each  other. 

•Balfour  Stewart  explains  polarization  by  reflection  as 
follows : 

“  It  is  imagined  that  in  the  reflected  ray  the  vibra- 
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tioiLs  arc  all  in  a  direction  perpendicular  to  the  plane 
of  reflection,  so  that  the  port  ion  of  the  iiu'ident  ray 
consisting  of  vibrations  in  the  plane  ol  rellec'tion  has  not 
been  reflected  at  all.  If,  therefore,  we  allow  an  ordinary 
ray  of  light  (Fig.  249)  first  to  lie  reflected  from  a  plate  ol 
glass,  at  the  polarizing  angle,  and  if  the  reflected  ray  be 
again  made  to  iinjiingc  upon  another  surface  of  ghuss  at  the 
same  angle,  the  latter  will  (hen  be  the  analyzer,  and  if  its 
plane  be  parallel  to  the  polarizer,  as  in  tlie  figure,  the'  light 
will  be  again  reflected  in  the  direction  indicated  by  the 
arrow.  If  the  analyzer  be  turned  round  the  first  refletded 
ray  as  an  axis,  until  its  plane  is  at  rigid  angles  to  the  [xilar- 
izer,  it  will  be  found  that  the  light  is  no  longer  reflected. 
For  the  reflected  ray  consists  entirely  of  vibrations  perpen- 

Fic:.  asi. 


Arrangumont  of  Polari?!ar,  Analysstir,  uiul  Object  lu  be  Kxamiued. 
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render  the  field  hrig'ht  when  live  polurizer  and  uualyzrr  are 
crOwSsed,  as  sliown  by  the  insertion  ol  a  rather  thic'k  i)iet:c 
of  mica  between  tlie  polarizer  and  analyzer. 

By  placing';'  thinner  piecres  of  mica  in  the  same  position, 
various  colors  are  produced.  When  the  polarized  beam  t'n» 
counters  the  thin  mica,  it  is  resolved  into  two  others  at  rij^ht 
angles  to  each  other,  the  waves  of  one  bein^”  rcjtarded  with 
reference  to  the  other;  but  as  long'  as  these  rays  vibrate  at 
right  angles  to  each  other,  they  cannot  interfere.  'I'he 
analyzer  reduces  these  vibrations  to  the  .same  plane,  and 
renders  visible  the  elTeets  of  intcrferenct;  due  to  tin*  retard- 
xition  of  the  waves  of  one  part  of  the  beam.  'Phe  thick 
plate  of  niic;a  gives  no  color,  betum.se  the  different  luilors 
were  superposed  and  blended  togc'tlier,  forming  white  light. 

In  a  slice  of  Iceland  spar  cut  at  right  angles  to  the  axis 
of  tlie  crystal,  the  ray  is  not  divided  ;ih  it  is  when  the  light 
*  passes  in  any  other  direction  through  the  crystal,  and  if  the 
slice  be  placed  in  a  parallel  beam  of  polarized  light,  no  marked 
effect  is  produced  ;  but  when  the  beam  is  rendered  converg¬ 
ent,  by  a  lens  interpo.sed  between  the  polariztw  and  the  crv.s- 
tal,  beautiful  interference  phenomena  are  developed. 

When  the  polarizer  and  analyzer  are  crossed,  a  system  of 
colored  rings  intersected  by  a  black  cross  appears. 

The  arms  of  the  cross  are  parallel  with  the  planes  of  the 
polarizer  and  analyzer.  On  these  lines  no  light  can  pass, 
but  between  them  the  colons  of  the  rings  increase  in  Inten¬ 
sity  toward  the  middle  of  the  tiuadranls  inclosed  by  the 
arms  where  tiic  interference  is  most  marked.  Turning  the 
polarizer  or  analyzer  causes  comphnnentary  colors  to  etuinge 
places,  and  brings  out  a  white  cross  in.stead  of  the  dark  one. 

SIMPI.K  KXPF.RIMKNT.S  IN  POLARIZKD  LICIIIT. 

It  is  ever  a  source  of  plca.sure  to  tlie  student  of  science 
to  be  able  to  explore  an  unfamiliar  realm  by  means  of 
commonplace  and  readily  accessible  things,  whicli,  if  not 
already  pos.sessed,  may  be  had  almost  ftir  the  asking. 

There  is  scarcely  a  branch  of  scientilic  research  more  pro¬ 
lific  in  the  development  of  expensive  apparatus  than  tlmt  of 
light,  yet  there  is  nothing  in  the  domain  physics  capable 
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of  being  better  illustrated  by  a})paratus  of  the  most  simple 
and  ine>?pcnsive  character,  'riie  subject  of  polarized  light, 
as  intricate  and  diOicult  as  it  may  at  first  appear,  may  be 
illustrated  by  apparatus  costing  less  than  a  dime,  in  a  man- 
ner  that  can  but  excite  the  wonder  and  admiration  of  one 
inexperienced  in  this  direction. 

A  small  piece  of  window  glass  and  a  black«covcred  book 
constitute  the  apparatus  for  beginning  the  study  of  this 
interesting  subject,  and  with  a  gla.ss  bottle  stopper,  a  glass 
jiaper  weight,  or  a  piece  of  mica,  the  cfTects  of  polarized 
light  may  at  once  be  shown. 

The  book  is  placed  horizontally  near  a  source  of  lights 


Flu.  25a. 


Polarisation  by  Rtsllecilon  from  Wackrtmtl  (tlaHii. 


such  as  a  window  or  a  lamp,  .so  that  a  broad  beam  of  light 
will  fall,  obliquely  on  it,  and  upon  the  book  is  placed  the 


244 


KX  V i: R I M HXr A L  SCI  I-; NC !■:. 


The  most  perfect  analyzer,  however,  is  the  Nictjl  prism. 
A  very  small  one  will  answer  perfectly  lor  this  class  of 
experiments,  and  is  not  expensive.  But  to  return  to  our 
experiments;  when  the  analyzer  and  ptdurizer  are  croKsed 
and  the  field  is  dark,  if  a  few  {ut'ces  of  mica  of  various 
thicknesses  and  shapes  are  held  between  the  analyzer  utul 
the  black  glass  plate,  and  bowed  and  ittclineil  at  different 
angles,  a  great  variety  of  tints  will  be  {ibserved,  and  if  held 
in  one  position  wliile  the  analyzer  is  turned,  another  effect 
will  be  noticed. 

Among  the  objects  which  may  be  examined  in  this  way 
are  the  paper  weights,  stoppers,  and  other  thick,  partly 
annealed  pieces  of  glass,  a  piece  of  glass  held  edgewise  in  a 
hand  vise  or  pair  of  pliers,  and  put  under  compression,  as 
shown  in  Fig.  254.  A  piece  of  glass  hekl  edgewise  for  a 
moment  in  a  small  gas  or  t'anclle  flame,  ami  then  placed  in 
the  polarized  beam,  shows  the  strain  by  a  light  figure,  like 
that  represented  in  Fig.  255,  or  it  may  assume  lUher  fortns, 
according  to  circumstances.  As  tlie  glass  eixils,  the  figure 
hides  away. 

Small  glass  squares  and  triangular  and  cliamond-shapetl 
plates,  about  three»<|uarter  inch  across,  suspended  by  a  fine 
wire  in  the  flame  of  a  Bunsen  burner  or  alcohol  lamp  until 
their  corners  begin  to  fuse,  and  then  cooled  in  air,  become 
permanently  strained,  and  exhibit  symmetrical  figures 
formed  of  dark  and  light  spaces,  but  sfimv  little  color  on 
account  of  their  thinness.  By  superposing  several  sudi 
plates,  color  effects  may  be  «etm. 

The  beautiful  vtrn"  or  stRiined  glass  Iffi'ickn,  a  few 

examples  of  which  are  represented  at  a,  4  r,  #/.  In  Fig.  253, 
are  similar  in  character  to  wnat  has  just  been  descrilMal. 
They  vary  in  thickness  from  one-fourth  Inch  to  one-half 
inch,  and  even  thicker.  They  are  expensive  objects,  but 
exceedingly  beautiful  and  hitrrcstnig. 

In  Fig.  256  is  shown  a  method  of  polari/ing  and  analy/* 
ing  with  a  single  bundle  of  plates.  It  is,  In  principle,  a  Nor 
remberg  doubler.  The  light  strikes  the  under  surfare  of  the 
bundle  of  pkue.s  at  the  polarizing  angle,  and  is  rrflrrtrd 
downward  in  a  polarized  state,  pasning  through  the  object 
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which  rests  upon  the  liorizontal  silvered  mirror,  ll  is  then 
reilcctcd  back  through  the  objcc'l,  and  passes  through  tlu; 
bundle  of  plates  to  die  eye  of  the  observer;  the  plates,  us 
before  stated,  serviiif^  to  analyze  the  polariztal  lieam. 


Fig.  256. 
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niatcriiil ;  the  ij^lavSs  plate  uuiv  be  lA  iiu-lu’s  \vi(U‘  by  .t  inehes 
long'.  'Phis  objec't  exhibits  line  bands  nl  prismatic  color 
when  viewed  in  the  polariseope.  'Pw**  such  semi-cylindcrs, 
when  crossed,  exhibit  the  intric;ate  ligure  shown  in  log.  Jfn:), 
with  all  the  sjilendid  colors  of  tlu'  spectrum. 

The  objetd:  shown  in  h'ig.  261  is  formed  of  a  disk  of  mica 
having  a  sector  cut  out  and  (hc‘  ratlird  edges  cn*erlaf jped, 
iormiiig  a  low  cone.  'Phe  overlapping  edges  archest  last. 
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vsclectccl  which  cxliil)i(s  fine  eoliirs  in  the  poUiriscnpe,  luui 
four  ecjnilatenil  triangles  are  cut  from  it,  eitlu'r  with  their 
corresponding  sides  cut  upon  the  same  base  line,  or  witli 
one  side  of  each  cut  from  one  side  of  a  stpuire,  or  they  may 
be  cut  and  mounted  hai)hazard» 

To  the  apex  of  tlie  angle  designed  for  attachment  to  the 
paper  tube  a  small  droi>  of  sealing  wax  is  applied,  and  with 
the  tube  on  the  pin  the  first  triangle  is  attached  by  holding 
it  in  the  reqiiiretl  position  by  means  of  a  pair  of  iweej^ers, 
and  then  fusing  the  wax  on  the  mica  and  that  on  the  tube 
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doubler,  named  after  its  inventor,  and  shown  in  ti  very  sim¬ 
ple  form  in  Fij^.  265. 

To  one  ed^c  of  a  wooden  base,  b  in.  S(|uare  and  three- 
fourths  of  an  inch  thick,  is  secured  a  vertical  staruhird,  i  in. 
sciuare  and  about  15  in.  hi^h,  and  to  the  top  of  the  standard 
is  attached  an  arm  extending-  over  the  center  of  tlie  base, 
and  apertured  to  receive  the  short  tul)e  containing  tlu*  ana¬ 
lyzing  prism  or  bundle  of  gUuss  i)lates.  I'lie  tube  may  be 
made  of  paper,  hard  wood,  or  metal,  and  it  shouhl  be  fitted 
with  a  vshoulder,  .so  that  it  will  turn  readily  in  the  aperture 
of  the  arm.  To  the  standard  below  the  arm  isiUted  a  stage 
formed  of  a  thin  piece  of  wood  centrally  apertured  and 
blackened. 

The  stage  is  notched  to  receive  the  standanl,  ami  is 
attached  to  a  short  vertical  bar  i  in.  wide,  A  clip  of  wood 
extending  across  the  back  cjf  the  bar,  and  two  small  idips 
secured  to  the  sides  of  the  short  vertical  bar,  bear  with 
sufficient  friction  on  the  standard  to  hold  the  stage  in  any 
desired  position. 

About  6  in.  above  the  base  a  grooved  wooden  strip  is 
pivoted  to  the  standard,  by  means  of  a  eommon  womb 
screw  passing  loosely  through  the  groovetl  strip  and 
throuj 

on  the  end  of  the  screw,  and  serves  as  a  nut  to  bind  the 
grooved  strip  in  any  desired  position.  The  strip,  screw, 
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instead  of  this,  if  it  can  he  afTordcd,  a  small  Nicol  prism 
should  he  secured  and  mounted  in  a  centndly  apertured 
cork,  the  latter  being'  inserted  in  the  analyzer  tube,  as  shown 
at  4. 

The  object  to  be  examined  may  belaid  eitheron  the  stage 
or  on  the  mirror  below.  If  viewed  on  the  stage,  the  usual 
effects  will  be  observed  ;  but  if  laid  on  the  mirror,  it  is 
traversed  twice  by  the  light,  once  by  the  incident  beam  and 
once  by  the  reflected  beam.  This  is  particularly  noticeable 
in  thin  films  of  mica  and  selenite,  and  it  serves  as  an  excel¬ 
lent  means  for  selecting  eighth  and  cpiartcr  wave  plates, 
which  are  useful  in  the  study  of  circular  and  elliptical 
polarization,* 

1 1  is  (piite  (litBcult  to  [iroduce  a  perfectly  uniform  thin 
film  of  selenite,  owing  to  the  brittleness  of  the  matcTiul. 
I'or  this  reason  mica  is  generally  used,  as  it  possesses  consid¬ 
erable  flexibility  and  toughness.  The  common  method  of 
cleaving  off  thin  films  of  mica  is  to  split  off  a  model ately 
thin  plate,  and  then  separate  the  lamiiue  at  one  of  the  cor¬ 
ners  by  bending  it  between  the  thumb  and  fingers.  A 
medium  sized  sewing  needle  .secured  point  outward  in  a 
slender  handle  is  probably  the  best  instrument  for  tea.sing 
the  lamina!  apart ;  but  after  the  .separation  begins,  the  thin 
end  of  the  ivory  handle  of  an  ink  enuser  .seems  to  serve  (he 
purpose  excet'dingly  well. 

A  score  or  .so  tff  plates  are  .sjilit,  and  examined  c»ne  by 
one  in  the  Norremberg  doubler,  by  laying  them  on  the 
mirror  and  turning  them  in  their  own  planes,  while  the 
polarizer  atul  analyzer  are  cro.ssed.  Should  the  plates 
exhibit  any  unevenness  under  the  test,  they  should  be  at  once 
rejected.  Such  as  exhibit  an  even  tint  slundcl  he  preserved 
carefully,  and  examined  further  to  determine  whicdi,  if  anv, 

*  Thr  writen  tturndn  u*  tUvil  stutringlv  with  itici  Uumrtilical  p,ift  t»{  tUm  stuli 
jt'i'l,  tiu’  jHulitiii  rt-huiiig  tu  ;uul  oUlptHiil  a 

Imvirig  brrn  rxiriisivrly  hi  w<tiks  ^tul  iti  (nxiks 

cinlly  dfvshtul  u»  light  anti  Danirl’fi  PhyMif«,‘’  pfnmltirnt  aniting 

wntks  tif  il'i  til.iHH,  “  LiKhl,”  hv  t.fwis  Wright,  atul  “  Ihd.irtzatiun  tif  Light," 
by  Wilihim  S|H»uiHwinHlt?,  art;  rjtttulknu  htuik’t,  lunirhig  cllfftalv  t»n  tlu*  tiuhlrci. 
The  writer  kntms  t»f  tut  better  nl  st-ruririK  a  kfiuwlfld^e  c»f  palat 

ia;cd  light  than  by  rrading  ihewt  three  btuiks. 
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possess  the  rccpiirccl  ciiuilities.  Not  every  piece  of  mica 
will  split  evenly,  therefore  it  may  be  necessary  to  make  sev- 
•eral  trials  before  success  is  attained. 

Should  the  film,  when  j)laccd  on  the  stage,  exhibit  a  dull 

Ficc  265. 
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a  matter  of  course,  if  two  Iilius  of  like  thickness,  super- 
pOvSecl  and  arrang'cd  with  their  axes  in  the  same  direction, 
produce  the  same  color  under  the  same  circumstances,  they 
are  one-fourth  wave  films;  and  if  a  pair  of  films  exhibit  the 
same  color  when  similarly  arranged  on  the  mirror  of  the 
doubler,  they  may  be  reg’arded  as  eig-hth  wave  films,  as  the 
polarized  beam  passes  twice  through  the  film  to  produce  the 
same  tint.  These  films  should  be  carefully  mounted  between 
glass  plates,  either  dry  or  in  benzoic  balsam,  the  latter  being 
preferable. 

The  practical  application  of  the  eighth  and  cpiarter  wave 
films  will  be  treated  furtiicr  on.  Beautiful  and  instructive 
designs  made  from  thin  films  are  desm'ihed  ami  illustrated 
in  Wright’s  **  Light,”  to  which  reference  has  been  made. 

The  only  simple  device  for  exhibiting  the  rings  and 
brushes  of  wide-angled  crystals  is  the  tourmaline  longs 
(Ing.  274),  of  the  kind  commonly  employed  by  opticians  for 
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The  lower  system  of  lenses  is  con¬ 
tained  by  a  tube  fitted  to  the  stu^e  of 
the  doubler,  'hhe  arrangement  of  the 
lenses  and  analyzer  is  shown  in  Fig-. 
267.  The  two  systems  of  lenses  being 
alike,  a  description  of  one  will  answer 
for  both.  The  object,  A,  tO'vbe  ob¬ 
served  is  held  between  the  adjacent 
ends  of  the  two  tubes  in  the  universal 
holder  shown  in  Fig.  266. 

The  lens,  B,  next  the  object  is 
nearly  a  hemisiihere,  about  eleven- 
sixteenths  inch  in  diameter  and 
three-eighths  inch  focus,  'hhe  second 
lens,  C,  a  meniscus  (pcriscopic)  spec¬ 
tacle  lens  of  3  inch  focus,  \s  arranged 
with  the  concave  face  one-sixtee 
inch  from  the  convex  side  of 
hemisphere.  Beyond  the  3  i 
meniscus,  34  inches  distant,  is  placed 
a  biconvex  spectacle  lens,  D,  c 
inch  focus.  The  inner  surfaces 
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the  ai)plication  of  a  varnish  formed 


only  a  trace  of  shellac  has  been 


indicated  by  Fig.  266,  which  is  one- 
quarter  actual  size.  The  tubes  and 
lenses  shown  in  Fig.  267  are  one-half 
he  exact  proportions,  except 
as  to  the  focal  lengths  and  distances 
apart  of  the  lenses,  are  immaterial, 
'he  lower  system  of  lenses  must 
reduce  a  very  convergent  beam  of 
ght.  while  the  UDoer  system  is 
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arrang;C(l  to  colUai  llu-  rays  altca*  tlu  \  puss  tlir«tu|;h  l}u‘ 
crystal,  and  l)rin'4’  them  within  tin*  raii^c  uf  visitui. 

'Phe  an^If  ia'twfcn  the  tjplie  a\«’s  in  sunn*  ensfufs  is  sti 
small  as  t(»  [K'nnit  (if  seeing’  thetn  readiU.  Xtfei  and  cur- 
houatc  of  lead  arc*  example's  of  such  <  rvstals;  hut  thcTe  are 
other  crystals  ^vhost‘  ani^'le  is  so  «4reat  as  to  render  it  exceed- 
ing'ly  diHieult  to  exhibit  them,  and  in  some  cixslak  tin* 
angle  is  so  wide  as  to  remh'r  it  impossibh*  to  see  both  axes 
at  once.  The  only  method  of  c-xhibitinu  them  is  bv  tiltiin4 
the  crystal  first  in  cuie  dirc'i'tiou  and  then  in  tin*  »ifher,  aiul 
viewing  them  separately. 

Figs.  26H  to  273,  inclusive,  represc*nt  the  fngmes  shown 
by  .several  crystals  in  the  inst rurnem  dlustiatc'd.  Pliedtaw 
ings,  having  been  tnade  din*etly  from  the  objc’t  ts  bv  tin*  aid 
of  the  instrnnu*nt,  are  eorrei't  in  f«um  and  ptopoition,  but 
the  l)eaulifu!  ecdoring  is  nec'essarilv  absc*nt. 

Fig.  26H  shenvs  tin*  rings  and  brushes  exhibited  In  eaP 
cite  in  a  ccjuvergent  lK‘am  of  polaii/rrl  light,  with  flir  polat 
ixer  and  analvxer  erttssed.  With  the  pol.oi/ri  and  aiiuly/cr 
parallel,  tin*  dark  cross  is  H*p!ac  ed  hv  a  white  one. 

Niter  is  shown  in  hdg.  as  it  appeals  when  the  ana* 
lyzer  is  crossed.  With  the*  atialv/rr  pas.illel  with  the  polar- 
i2:ing  plate,  the  dark  brushes  are  rrpkst  rd  In  lighl  oin-s. 
Turning  the  crystal  in  its  own  plane  prodtn  rs  «li}frrriit 
e  fleets. 

In  Fig.  270  is  shown  a  figure  pioducrd  In  a  slier  of 
fiuartz  rut  at  right  angles  tt*  the  axis  of  itir  civstub  awl 
examined  in  the  instr'urnent  with  thraiialv/n  .in uiigrd  at  an 
angleaf45"  with  the  polari/rr.  ('rxsiab.  «»!  jjitaif/  \m\  in 
their  efTeets  cm  the  polari/c*d  beam,  sum*-  u  qitii ing  the  tntn 
ing  «jf  the  analy/er  tc»  the  right  anrl  olhri  to  liie  Irfl  to  pio 
dnee  like  resulfs.  Ft»r  this  rcMsmi  thr  pl.ilrn  .nr  1  ailed 
right  or  left  handed,  aceo-rding  to  tin*  dirta  lion  in  wldi  h  ihr 
analyser  is  retjuirc’d  to  !«*  turned. 

Uj  superposing  a  light  li.mti  f|ti.tit/  on  a  hit  It.ysd 
quartz,  the  Iieaulifid  spirals  dis-  toetf'ij  h%  ,\irv,  and  n.iiiird 
after  their  discoverer,  mav  be  exisibitrd.  I  iiesr  spirais  are 
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position  of  a  ({uartcr  wave  iniea  tlim  hetween  the  {uilari/.ei- 
and  a  plate  of  ciuart/  viewed  in  tin-  instrument,  ’1‘his 
altered  appearance'  is  due  to  eirenlar  pulai  i/ation,  a  phe- 
nomenon  treated  extensively  in  the  literature  ol  the*  suhjert, 
hut  reepurinjj;  an  explanation  too  c'lahorate  lor  the  spare  at 
command. 

Caleite  polarised  eireulas  lv  shows  sin|»;iilarlv  broken  up 
and  disjointed  rin|4S,  the  brush-like  rross  bein^  absent,  and 

u  Ice  n  analv/cal  rirc  tilarlv.  or 
lua.  374.  .  I  ,1  I 

vic'wed  thtnu|r}j  a  cjuai  ter  nave 

plate,  as  uell  as  thruni.*!i  the 

analy/c'r,  tin*  rins4s  appear  per- 

tei'f.  and  there*  aie  no  transverse 

niurkin^s. 

Fig.  shows  the*  intrieate 
tignre  pf  ndurrd  In'  aragonite 
lu'inifrope,  or  a  pair  of  rr'ystals 
arranged  at  tight  .Uiglrs  with 
each  t»tlier.  Siiiiietthat  sinnlar 
figures  are  prt»clurrd  liv  erossed 


it 


viewed  itt  the  instriiiiienf : 

Sulphate  cd  niekrl,  sugar,  ara- 
vs  '  gonite,  hiehroiitale  of  ptaash, 

«  *  ehrvsobrrvh  ebivstditr,  toia/, 

Tourmalifie  Totigs,  ’  “■  »  ’ 

anhydrite.  Instead  of  rinphiy*- 

ing  the  Norremberg  doubler  for  pohiri/ation,  tlir  lower  tnk* 

may  be  prolonged,  and  a  laigt*  Nirtil  prism  insertril  and 

arranged  like  the  analyzer. 

In  Fig.  274  is  shown  the  tourinalinr  tniigs.  itir  siiitplrst 
polari.Hcope  known.  It  tamsisis  of  twai  pliitrs  of'  towriiialinr, 
cut  parallel  to  tht'  optieaxsHof  the  rrvstal,  and  iwnmlrd  in 
cells  arrangetl  to  tnrn  in  eves  formed  at  the  rxireinitirs  of 


the  looped  wire.  When  the  plates  are  ji.tnillrl,  llglit  passes 
through  them ;  but  when  they  are  airaiigril  at  riglii  angle!! 
with  each  other,  the  light  Is  romplrirlv  r\titigiiis|iril.  If  a 
plate  of  quartz  crystal,  a  Brazilian  prblilr  s|«-clac'lr  Iniii  fur 


Fig.  275, 
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example,  be  phurd  between  the  ttmnualines  arrani'.f(i  in  this 
way,  (lie  li^'ht  will  a^ain  pass,  shttwin.^'  that  it  lias  betai 
clepolarizt'd  by  the  roek  erystal. 

This  has  been  aeeepted  as  an  inlallible  (rst  «it  the  !,;emi» 
incuess  of  tpiart/.  kaises.  In  the  hands  til  an  espeit  it  is 
undoubtedly  valuable,  but  i^lass  lenses  niav  be  put  nmler 
strain  by  heating'  them  and  allowing  them  to  t'oul  rather 
quickly.  They  will  then,  to  some  degree,  act  tin  the  ptilar* 
ized  beam  like  the  true  crystal. 

d'his  form  of  polariscope  is  useful  in  the  eKamination  of 
crystals  generally,  but  on  account  tif  the  natural  tlaik  tailor 
of  the  tourmaline',  the  utility  of  tlie  instrument  is  limited, 

In  Fig.  275  is  shown  a  ptiluriseope  tlrsi|»nrtl  hn  the 
examination  of  large  objeet.s,  such  as  glasswaie,  ett*.  It 
consists  of  a  bundle  of  16  glass  plates,  ulMUit  20  or  24  inches 
stjuare,  arrangial  with  referenee  tt»  the  Micol  prtsiii  etiiployrti 
as  an  analyser  at  ;m  angle  of  45  lieldml  the  series  of 

plates  is  hinged  ii  boanl  caivered  with  bhn  k  velvet,  whitdi 
may  he  raised  up  parallel  with  the  glass  platt's  when  it  is 
desired  to  polari/e  tin*  beam  by  reflection. 

I'lie  analyzer,  a  Nicol  prism,  Is  mounted  in  a  revoluble 
tube,  supjHirted  by  the  stuall  adjustable  standanl.  Articies 
to  be  examined  are  placed  on  the  small  table  between  the 
polarizer  and  analyzer. 

The  light  for  the  jmlariscope  shoultl  be  taken  tlinnigh 
either  a  white  {jujier  or  cloth  screen  or  a  plate  of  ground 
glass.  Any  strain  in  the  article  examinrei  will  exhibit  itstdf 
by  its  dejiolurizing  effect  cm  the  pularketl  braiii. 

SIMt’l.K  t’CJt,.VRtHC(lfK  HIK  MICRtiSC'ugfc  tillfli  I's. 

The  exuinination  of  microscopic  iTVstals  l»v  the  aid  of 
the  polariscojie  is  an  exceedingly  interestiiig  part  of  the  %tydy 
of  jmlarized  light.  I'hc*  indcHcribalile  play  ol  t'olor%  and 
the  variety  of  exejuisite  forms  of  the*  smalln  t'iv‘*t.ik,  rciids'r 
this  branch  of  the  sulijeirt  very  fast-inatiiig.  Hut  to  under¬ 
take  the  examination  of  this  crlass  of  otiircK  iti  the  mmal 
way  requires  a  microHcope  witli  the  atlditioii  of  4  polart- 
scope,  which  calls  for  an  outlav  «»!  at  leant  liltv  doHam. 
besides  the  cost  tif  thecihjectn,  and  while  it  is  brliiwrd  that 
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such  an  outlay  would  be  indirectly,  il  not  dirtaily,  profit¬ 
able,  it  is  not  necessary  to  expend  a  liltieth  of  that  amount 
to  arrive  at  very  satisfactory  results. 

The  cost  of  the  compact  and  etru'icnt  little  instrument 
shown  in  Fi^.  276  is  as  follows: 

One  pocket  mai^nifier,  having  two  lenses  inchCsS  and  2 


Fur  27(). 


Ptjlarisatpo  fetr  Mtcicw.opk:  Object**. 


inches  focus  respectively,  g'ivini^  when  combined  a  |  inch 
focus,  50  cents;  eig'hteen  elliptical  rnicnrstaipe  cover  glasses 
for  analy?,cr,  38  cents.  The  cost  of  wood  for  the  jirincijial 
part.s,  the  pasteboard  tubes,  the  ^lass  for  the  polarizer,  and 
the  metal  strijjs  for  the  slide-holding'  springs,  can  hardly  he 
counted,  and  the  labor  must  he  charged  to  the  account  of 
recreation;  so  that  less  than  one  dtdlar  pays  for  an  instru- 
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mcnt  that  will  (.'nahk'  its  nwiu-rto  t-xatuiut'  aiiiiust  tlu-  i-ntirt' 
raii|jj'c  of  mic'rosc’opif  iinlarisi'ojH' ubjftls  uitli  a  u! 

satisfai-tion  little'  loss  than  that  affordoel  In  tlu*  uso  nl  tlu* 
best  instrinuents. 

The  form,  proportions,  and  inaferiai  (»t  the  Ixuly  «»(  the 
iiistruiiicuL  are  entirely  matters  i»f  indiviilual  taste.  In  the 


Kti..  y??. 


Longitudinal  Section  of  Polmrlucopi?  isnti  Details.  IIjII 

A,  Lonflmtllnal  Sietlon.  It,  Mafftltier  «tt»l  c,  1  %Pf  u««  t'tewn 

rimJ  Mftgnitor. 

present  case,  the  hand  piece  and  sliding  stage  are  made  cd 
'I  in.  mahogany,  the  handle  being  formed  on  the  hand 
piece  by  turning.  The  stage  is  i’i  imstpiare,  and  has  in  its 
lower  edge  a  half  int*h  Htpiarc,  transverse  groove,  which 
receives  the  scpiare  rod  projecting  frtim  the  hand  piece  at 
right  angles.  Tltc  rod  is  held  in  the  groovr  by  a  wtKKlen 
strip  fastened  to  the  lower  edge  cd  the  stage  by  two  wimkI 
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screws,  so  that,  it  bears  with  aUj^lit  friction  ou  the  uiicler  side 
of  the  rod. 

'Phe  luuul  piece  and  sta^e  are  both  pierced  above  the  rod 
with  holes  which  are  a.Kially  in  line  with  t'acdi  other.  'I'he 
diameter  of  the  holes  is  ^•overned  by  the  size  of  the  cover 
glasses.  Those  in  the  instruincnt  shown  are  of  the  exact 
size  and  form  of  the  anne.xed  diaf^ram  (h'i^.  J/H). 

These  cover  glasses  are  procurable  from  any  dealer  in 
supplies  for  microscopists.  Eighteen  of  them,  at  least,  are 
rcciuired.  The  paper  tube  inclosing  these  glasses  is  a  little 
more  than  in.  internal  diameter;  its  outside  diameter 
is  I  in.  and  its  length  is  in.  A  narrow  painu'  t:ollar  is 
glued  around  one  end  of  the  lube,  and  both  the  hand  piece 
and  tlie  stage  are  counterhored  to  receive  tin?  c'ollar,  as 
shown  in  the  sectional  view,  A,  Fig.  277.  To  the  tube'  thus 
described  is  fittcal  an  internal  paper  tube, 
which  is  about  Jii  in.  shorter  than  the 
•outer  tube.  The  inner  tube  is  divided 
diagonally  at  an  angle  of  35"  25',  which  is 
the  complement  ol  the  ]>olarizing  angle 
for  glass  (54"  35').  'Phe  oblique  surfaces 
thus  formed,  when  placed  in  the  tube  in  tdllptlcal  Cover  (Jlaii 
opposition  to  each  other,  support  them  between  the  gkusH 
plates  at  the  polarizing  angle.  The  simplest  way  to  arrange 
the  angles  of  the  tubes  and  other  parts  of  the  polariscopc 
is  by  the  employment  of  a  triangle  of  cardboard  like  that 
illustrated  in  Fdg.  279.  In  faet,  a  copy  of  the  triangle  here 
shown  may  he  used. 

It  is  sometimes  a  matter  of  considerable  ditliculty  to 
clean  the  thin  cover  glasses  without  the  risk  of  breaking 
a  large  percentage  tif  them.  An  effective  device  for  hold¬ 
ing  the  glas.ses  while  they  arc  being  cleaned  is  shown  in 
Fiir.  280.  It  consists  of  a  niece  of  thin  Bristfibhoard.  hav» 


be  easilv  aiitl  t iu>nHiS4'ni\'  eit'aneti  ni  mis 
for  this  purpose*. 

Before*  the*  ^iass  plates  art*  put  to_uc‘t!ier,  I 
witii  a  eanu'l  s  Itair  Inaisli  tf»  reiuti\t*  aii\  ail 
dust.  Idle  papei*  tu!>es  are  iiiaih*  dea«l 
outside. 


The*  front  of  the  stage*  is  pnividiai  ttiflt 
brass  springs*  wlueh  serve*  to  elaiitp  the  olijr 
light  pressure  to  tlu*  stage.  In  the  liai'k  of  t 
thcux*ntral  aperture*,  is  fornH*d  a  gnane  In 
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analyzer.  Any  convex  lens  of  suitable  focus  ma3 
into  the  service.  The  face  of  the  stage  and  otl 
the  instrument  visible  through  the  analyzer  are 
The  object  to  be  viewed  is  placed  on  th^ 
focused,  when  the  instrument  is  held  so  that  the 
polarizing  plate  reflects  the  light  through  the 
through  the  analyzer.  The  analyzer  is  then  tun 
object  observed.  To  heighten  the  color  effects 
selenite  or  mica  may  be  placed  immediately 


han  alsii  pnivetl  cif  uti¬ 

lity  t«)  the  inicrciHajpist  in  tlu^ 


IS  thus  o!)tanK‘<l,  which  lias  Inaai  hniiit 
reliable'  in  nuiallur^it'al  c[H*ratic)iis. 

One  of  tlu‘  most  (‘uritms  ust*s  of  juila 
iiulication  of  tlu‘  lime  th  tlay.  Sir  Oh 
devisc'c!  a  polar  e‘hH*k  in  whii'h  a  Xic't 
nectiou  with  atinosplu'rii'  polarization  is 
the  time  t)f  day.  St'vtu'al  forms  ti!  this 
been  made;  one  of  tliem  is  slanvii  in  I*' 
Atmospheric  polarization,  at'cordini^’  to  1 
is  due  to  tlu*  rcilection  of  ii^^iit  from  the 
matter  lloatini**  in  the  air.  Bv  c'xamininLr 
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Other  crystal,  polarization  will  he  ilcicaitai  v 
The  hri|(htest  t'fTcHls  arc*  iiolictal  at  a  poiiit 
By  clireOing’  a  Nic^til  prisiit  to  the  |iti 

—a  position  ahva vs  at  riuiil  aiiirlrs  f  i  iln* 
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polar  axis  of  the  earth.  On  the  lower  half  ot  thi 
g'raduatetl  semicircle,  divichal  into  twt‘lvc‘  part 
which  is  a^ain  subdividcal  into  five  or  tcai  partsl,  a 
the  divisions  the  hours  of  thc‘  day  an‘  marked,  eo 
and  terminating*  witli  VI.  Within  tlu‘  iixtal  l)^as^ 
tainini^  the  ^lass  dial  [>la.tt%  .  tlu‘  broad  caul  ol  t 
tube  is  so  fitted  that  it  freely  movers  round  its  own 
broad  end  is  closed  by  another  i^iass  disk,  in  the* 
which  is  a  small  star  or  other  tii;"ure,  fornual  of  th 
selenite,  exhiliitin^,  vvdien  examined  with  polar 
stroufi^ly  contrasted  colors;  and  a  hand  is  paintcal 
position  as  to  be  a  prolongation  of  om^  of  tin*  prii 
tions  of  the  crystalline  films.  At  tiu'  smalha*  c 
conical  tube  a  Nicol  prism  is  fixcal  so  tliat  cat 
ilia^onals  shall  he  45  '  from  the  principal  sect 
selenite  films. 

Tlie  instrument  Ixanf^'  so  fixtal  that  the  a^ 
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SUCCKSTIONS  IN’  nKCORATIV 

Occasionally,  evidences  of  tlie  use  ol 
decorative  art  are  seen,  and  every  miero; 


POLARIZED  Lioirr. 

microscope.*  These  minute  forms  arc  always 
their  construction  and  finish,  often  symmetrical 


rl  iHlilti  til  Fiir#r, 


H  iiiilv  ;irr  hfitiw 
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By  aid  of  the  vsmall  stick  water  is  placed,  drop 
in  the  cells  until  the  lenses  accpiire  the  desired  c 
Objects  held  below  the  f^lass  will  be  more*  or  l<"ss  i 
according  to  the  diameter  and  convexity  of  the  dn 
A  convenient  stand  for  the  water  leirs  is  show 
202.  The  detail  views  are  vertical  sections  of  t 
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microscope  is  an  iustriunent  in  which  a  Icms, 
lenses,  known  as  an  objective,  forms  a  real 
cnlarf^ed  imaj'j'c  of  tiu^  object,  and  in  wliich 
itself  mai>’nified  bv  a  second  lens  or  system  of 


k 

/ 


ira^ms,  uy  wn 
[enscr  has  a  vei 
mncction  with 


is  vspecially  not 
objectives  of  hi< 
difficult  ol)jects 
s  diaphrafi;au  si 
y  work.  As  it^ 
ed  or  contract 


upward  throuj^h  the  stepper,  is  used  tor  co 
material.  Over  tfie  lf)wer  taul  ot  tliis  hiuuel 
piece  of  tliin  muslin,  and  tlie  upper  end  is 
piece  of  rubber  pipe,  winch  is  rclained  in  a  t 
by  a  thread  tied  around  the  neck  td’  the  hot' 
rial  gathered  is  poured  into  the  tunned,  tin 


tnimpct4ike  {(mii ;  in  the  ct 
vcirticelk,  and  upcni  the  righ 
er,  and  noon  the  extreme  ri 


*  pecniiar  vibniturj 
appearance  of  rcita 
animals  shown  in  c 


siKlc,  as  s 
water  is  t 
on  the  t()| 
sc^rt  of  (1: 
water,  t 
upon  the 
vent  the 
cover  ghii 
Ii|^htly  to 
be  insert e 
A  ino 
represents 
and  serve: 
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elutions  of  the  disk.  The  shaft  carries  a  conun 
the  course  of  the  current  from  the  hattc^rv  tl 
instrument  is  throug'h  the  spring'  touching  tlu*  a 
thromdi  the  shaft  and  frame  of  tlie  instrum 

to  tl 
d  of 
l)v  nl 


battery  more  or  less,  and  tlic  othei 

finger  to  the  shaft  of  the  motor  as 
the  latter  case  being  started  at  its 
then  slowed  down  to  the  reeiuired  < 
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disk  of  black  paper  is  pressed  upon  the  lower  ] 
The  final  finish  is  given  to  the  cell  by  a  coati 
varnish,  applied  while  the  slide  is  on  the  turn 
cells  are  very  quickly  made  and  have  the  fin: 
ance  of  a  cell  formed  of  different  colored  cem( 

MICROSCOPICAL  EXAMINATION  OF  THE  PHE 

COLORS  OF  THIN  PLATES. 

As  all  works  on  light  and  on  general  physic 
phenomenon  of  the  interference  of  light  as  ext 
transparent  plates  or  films,  it  will  be  unnecessa 
an  examination  of  this  subject  in  detail ;  but 
less  prove  both  interesting  and  profitable  to  thi 
in  microscopy  to  take  up  the  study  of  this  sut 
aid  of  the  microscope. 

There  is  nothing  more  beautiful  than  Newt 
a  soap  film,  or  extremely  thin  plates  of  mica 
in  a  microscope  by  properly  directed  light.  I 
geous  colors  of  polarized  light  cannot  be  exc 
comparison ;  but  it  is  difficult  with  ordinary 
see  these  exquisite  tints. 

The  writer,  after  some  experiment,  devise 
the  ready  exhibition  of  Newton’s  rings  and 
phenomena,  as  shown  by  the  soap  film. 

The  device  for  the  exhibition  of  Newton’s  i 
in  Fig.  310,  I  showing  the  position  of  the  n 
microscope  stage,  2  being  a  perspective  view 
and  3  a  diametrical  section  of  the  rubber  cell  c 
plane  and  convex  glasses.  The  plane  glass 
from  one  of  the  finer  kind  of  glass  slips,  comr 


kfirii 
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then  take  the  bright  point  in  a  pair 
the  lar*»;'er  part  off,  tlu*n  touoh  tin*  < 
with  Canada  Indsam,  and  put  it 
These  little  phitc‘S  of  mica  are  vie\ 
as  the  Nevvtoids  ring’s. 

It  is  perhaps  luinlly  nec'essary 
pared  a  f^ood  mount  of  tht‘  mica 
iiudose  it  under  a  cover,  as  stum  a 
dust. 

MicRoscciric’  cntscKVA'ncix  c 

A  metal  rod  fixed  in  a  vise*  at 
glass  l)ead  attached  to  tlu‘  other  cm 

Fm.  3ii. 

I 
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erallv  suftiric‘iit  tti  srt  the*  spii'iii  ai  tu 
piii^  <Hi  tin*  table-  tHi  whit'll  the*  laii  m| 
tlie  brad  to  doM’i  tbr  iiil  ricMlc*  t  iii  \  th. 

Bv  stfikiui;'  tlio  siiit*  ul  tbt*  |»ajti‘i  iiibr 
iorc‘t%  tiiflt-niil  wbl!  hr  liimiti*  rd. 

liliiininatinf^  thr  brail  lioiii  two 
curves. 

While  this  iiitiiiiif  is  {>rrli;t|is  not  sliii 
ohied,  it  mnv  iit*veiltit*iesH  be  in 

microscojH*. 

siMiiJ*:  eut\Ristnii;  um  iiif  m 

I'u  the  clraw  tube*  ut  l!s«’  iibi  in‘%i  npn 
tulH\  which  is  reaclilv  iiiatlr  In 
wintliiig  it  around  a  cv!iii«biia!  sfu  1  «4  lb 
the  pa}H*r  tiihe  is  titled  a  srrtmtt  inbr,  an 
cut  cliai^oiially  llirtiii.|^li  the  inilri  at  an 
One  of  these  jiitaan  is  iiisriird  in  fltr  Inst 
or  eighteen  tdliptii.d  i^lasn  imeis,  mu  h  »! 
ering  mounted  iitirrnsrojiir  olijrtis,  are  |tl 
nally  cut  riid  of  the*  Itiltis 

The  glasstM  shoiihl  be  llioiHii^ldv  *  in 
position  ill  itir  liibt*  liitw  air  hriii  bv  tlif* 
cliagoiially  citl  tiibr.  'rin*  sei  urn 

clentiy  shows  fin*  posifiiifi  oj  thrse  glasses 
The  tube  %v}iirii  gnrs  liinii-r  flir 
dsely  tin?  same  irav,  atid  is  siipjimird  in  ; 
a  slicirt  paper  Itibr  seriirnl  tn  a  taidliier 
to  slide  over  the  stage  nf  llir  iiinf/«Mo|fr 
eiigntviiig.  Xoidirs  are  loriiin!  in  tlir 
upper  part  of  the  rasing  irt  aliniv  it  In  %li| 


By  turning*  the  polarizer,  the  lii^ht  l)cin<4"  t brown 
up  the  lube  by  the  tnirrnr,  the  livid  of  the  microsec 
appear  alternately  li^^'lit  and  dark,  sliowini^;  the  parti 
g'uishnient  of  the  [)olariztHl  beam  twice  during*  each 
tion  of  the  polarizta*. 

When  the  fu^ld  is  darkest,  a  pieci‘  of  initai  of  tlie 
thickness  insertcal  between  the  stai^'e  and  objective 
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apart  is  onr 


so,  when 
clioiL  ( 
server  a 
>e  injurci 
f  lonjj^  fo 
:us  is  bet 
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(1  by  a 
iciency  ( 
to  the  U 
ioii  is  so 
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some  of  the  best  lenses  of  recent  construction  and  1 
good  lenses  have  been  relegated  to  the  second-ha 
dealer. 

The  marvelous  perfection  of  modern  lenses  can  hare 
be  appreciated  without  the  actual  trial.  The  new  len 
have  great  definition,  flatness  of  field,  surprising  depth 
focus,  and  rapidity  equal  to  any  demand.  They  are  a 
non-astigmatic — a  characteristic  that  cannot  be  oyerei 
mated. 

Any  good  camera  box  will  answer,  provided  it  is  lig 
tight.  The  more  expensive  boxes  with  swing  backs,  risi 
fronts  and  focusing  mechanism  are  convenient  and  desiral 
The  modern  plate  holders  are  easily  naanipulated  in  the  d^ 
room,  and  they  are  not  cumbersome  to  carry.  By  the  use 
kits,  large  plate  holders  may  be  adapted  to  small  plates, 
small  and  light  tripod  may  be  chosen,  but  it  should  h^ 
sufficient  rigidity  to  hold  the  camera  steadily. 

The  cloth  used  to  cover  the  head  while  focusing  shoi 
be  light-tight,  also  waterproof,  as  in  case  of  a  storm  it  rr 
be  used  to  protect  the  camera  and  the  plate  holders. 

The  dealers  furnish  a  great  variety  of  plates  from  wh 
to  choose.  Beginners  will  experience  the  greatest  satisf 
tion  in  slow  plates,  as  with  these  the  danger  of  over-exposi 
is  small.  Plates  must  be  kept  in  a  dry  place  and  carefu 
protected  from  the  light.  The  boxes  of  plates  should 
opened  and  the  plates  inserted  in  the  plate  holders  in  a  p 
fectly  dark  room,  if  possible.  If  a  light  is  required,  a  ru 
lamp  capable  of  giving  a  dark  red  light  may^  be  used,  I 
the  light  must*  be  used  cautiously.  Probably  more  pla 
are  fogged  in  a  dark  room  than  elsewhere  by  ,needl 
exposure  to  the  ruby  light. .  It  seems  hardly  necessary 
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lantern  slides  or  for  reproductions,  the  ordinary  canu 
will  usually  be  found  too  short,  but  a  pasteboard  ex 
may  be  fitted  to  the  box.  For  copyin<^,  a  g'ood  achi 
rectilinear  lens  is  necessary.  When  the  woi’k  is  d 
daylij^ht,  the  camera  should  be  placed  with  the  back 
toward  the  window,  the  object  to  !)e  copied  being*  pi 
front  of  the  camera  and  well  illuminated.  In  this  c 
work  much  depends  on  careful  focusing.  A  mag 
glass  of  8  or  lo  inch  focus  is  of  great  utility  in  this  < 
tion.  By  employing  a  kerosene  or  gas  lamp  provide 


Nu.  I.  -  Ty  Siniitioii, 

Hlllpliitc'  tif  M  III;!  I  t'litiiiii  jIIi  juiir  t  il 

Wunii  clistillt*<l  tn*  it  «*  walr'i 

When  tu  I’  .lit.,  I 

SiiliihurcniH  aritl  watrr  i ^litnigrsi  ii 
liacli.  ........  .  .  . 

Aiul  hist  I V,  jiyritj,»;tllit'  .ii'iii .  .  . 

Nik  i.'--«Pci!asti  Sotiifioii 

A. 

Carlitmatt*  fnitasli  u  Inaiiif  alH  |iiiH  i. 


Siilpliilr  siwhi  i rlifiiiitatlh  t  i  i  ‘4 

W  tit  fS»l  »•» 

Make  A  uiicl  11  srjianitf*lv  anti  flir* 

Inir  si  5  {itiiii  iiiIm  fttr 

of  the  |iyro  soliitiiiii  I  ilntt  iini  *4  tlir 
watc*r.  wc*lh  Hir  |»hilt‘  slmtihi  lir 

with  a  Hotl  t*siiiic*rs  ti*iii  biiisli,  aiiil  {ihitni 


()i  aiKaiL  is  procmccti  uy  loo  imuai  aiKaiL 

Ovcr-dcvclopinciit  pnKluces  a  hard  negative,  fn 
it  is  difficult  to  make!  a  i^ood  print.  Weak  negative 


li^'nis,  arc  me  resiuioi  over-exposure,  i  c 
s  with  weak  shadows  arc  due  to  undcr-e 


!  \i'!  Iw  \n  M  ■'«  tl  N(  J 


2  •>  I 

hf  tluifou^hly  waslifil  aiUT  hamiliiu;  il 
snlution  is  (lisVi.lui r<l.  it  inunt  In- 

tioii 

The  plate  h  hit  in  the 
after  the  veihn\  vidar  luis  «liv 

tihii  i  theti  it  l^»  waniirtl  iisili 

hype  is  reiiHivrih  Stiakiii|»  tei  ^mrial  I' 
water,  trtH|uently  rliaii!4«ah  tileelnt 
hypo,  *riu‘  prfiiuiiiraee  ul  the  iirgati 
wasluojf.  I'tie  iit*gaiiveH  he  pi 

dry,  ia  a  cool  plata**  tree  litiiii 

"The  hyclriH‘hiiiiin  dtn-rhiprr  i*.  Liiin 
K«hhI  satislaiiitiii,  W  ith  lliin,  the  tlt'\rh 
can  he  as  easily  t'oitlnillrd  as  with  t!i«* 
advaiitai^e  of  not  staiitiii|x  the 
An  under-exposed  plate  wtdi'h  is  lie\« 
pyro  {|t*vc*loper  e*iii  he  hioiuthl  out  to 
with  hydroehiiioii. 

Hie  foruiitla  for  Carhiitt  s  livdi'oelii 

follows: 

A. 

liydrorliiiiori. 

Crystallised  stilpliilt*  smla 

Distilled  water, 


Carhiiiiate  pofitsli  (fuirry, 
Diitilled  water,  ^  ^ 


\  i  \i  ^  it  i  . 

nuicif  arixirtlini;'  to  the'  las!  ftniiiitia  simult 
kept  ill  a  dark  plaot'  tifr  Itiiurt*  iisr, 

Idu'  liatli  ftiiisists  td  : 

Water,  . . .  • 

SotHuiiii  livposiilpliitr 

11h‘  hyi  lu  should  hi*  dissttlvotl  lirloic*  ll 
The  prints  may  all  hi*  piif  info  fht*  li\  po  at 
not  inort*  than  Uvu  shiais  id  paper  ftt  rat  It 
Idiey  slioutd  he  luritet!  and  iiioiff!  aiiotif  i* 
time  reipured  for  tixiiig'  ui!t  he  liinii  ti 
minutes.  The  ipvpo  rrdtieiis  ami  lades  pi 
beem  only  partially  toinal  or  printed  loo  !iej 
all  prints  is  nmtlc*rc*d  lii^hlri  In'  the  In  po. 
prints  must  he  thoroiiii'liU'  luedirti  lor  an 
waU‘r  or  in  several  watcu’s  and  alhnvnl  to  m 
eralde  tiine.  sa\'  halt  ;n  hour  iitiwrmi  file 
pt*rmaiienc*e  of  tin*  print  df^pemh  lipoalliiH 
Idle*  prints  wlieii  eoiiipletrf v  waslirth  air 
may  be  M|iii*e|^eeih 

,\  rut  Kl-  i  t 

No  etpiipiiiriil  for  a  lour  nr  a 
complete  witinml  a  pli  itiyiiapliii'  uiitlil  bn 
taneous  mmnoniiida  of  smies  and  oliirip 
tin*  road,  on  the*  river  or  lakia  oi  in  ilif*  pii  t 
mcHiiitain  and  valirv.  tlie  piiin  ipal  tro 
l^raphv  ill  tliestMhn  s  is  iinl  lulli  l!ir  plitrs^ 
of  olch  but  with  the  iiioie  or  less  t  uiiilior'O 
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simple  and  admits  of  the  use  of  llexible  bai>;\s  for  hoi 
plates  before  and  after  exposure.  Idie  ba^s— wh 
one  plate  each— are  made  of  the  stout  black  paper  1 
the  trade  as  leatherette.  Knch  ba^  has  a  vtu'v  thin 
of  leather,  vSiich  as  is  used  by  bookbinders  on  vt 
work,  and  around  the  mouth  of  the  baiy-  is  fj^lued  a 
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the  tube  will  deternune  the  size  of  the  caiiien 
avoid  turning  the  camera  or  plate  holder,  the  b 
s(|uarc,  and  the  inside  dimensions  of  the  plate 
such  as  to  permit  of  placing*  the  plate  eitlier  hori 
vertically,  according*  to  the  subject  to  be  plu 
The  plate  holder  is  5}  inches  stpiare  inside,  and 
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lenses.  Ordinary  meniscus  spectacle  lenses  of 
focus  are  employed.  These  lenses  are  secun 
by  paper  rings,  shown  at  3,  the  inner  rings  beir 
place,  the  outer  ones  being  made  removable  for  c 
in  cleaning  the  lenses.  The  lenses  are  arranged 
convex  vsides  outward;  the  distance  between 
inches,  and  in  one  side  of  the  tube,  half  way  b 
lenses,  is  made  a  slot  to  receive  the  diaphragms,  ; 
I  and  2.  Upon  each  side  of  the  slot,  within  th 
secured  flat  rings,  shown  at  4,  which  togetl 
guide  for  the  diaphragms,  as  shown  at  2  Plate  V 
The  tube  is  adjusted  at  the  proper  focal  dis 
the  plate  by  temporarily  securing  at  the  back  of 
piece  of  ground  glass  or  tracing  paper,  in  exactb 
plane  as  that  occupied  by  the  plate  in  the  plate  he 
tube  is  then  moved  back  and  forth  until  a  focus 
which  shows  the  image  fairly  sharp  throughout  tl 
arranging  for  a  fixed  focus,  it  is  perhaps  best  t( 
foreground  rather  than  the  distance.  The  t 
move  with  sufficient  friction  to  prevent  it  from  1: 
displaced.  By  using  a  small  diaphragm,  it  wl 
unnecessary  to  focus  each  object  separately. 

At  12,  Plate  V.,  is  shown  a  combination  of  cl 
which  is  effective  for  portraits  and  for  other  clas 
in  which  focusing  is  admissible.  It  consists  of  tv 
lenses,  each  of  8|-  inches  focus,  having  their  cc 
arranged  outwardly  and  a  plano-concave  lens,  16  i: 
arranged  with  its  concave  side  against  the  cone; 
the  outer  lens  of  the  system.  The  plano-conca 
rear  meniscus  lenses  are  arranged  i|-  inches  a 
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course,  t)e  used.  I’liey  art*  p 
and  are  inexpeusivi*.  As  ti 
exposurix  and  priatiui^*  ami 
the  first  article  in  tins  chapus 
tO|^raphv. 


a*. 


'I&- 


V  p,  'er. 


.■  Jim 
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to  such  an  extent  that  Niepce’s  son  allowed 
its  present  name.  Both  inventors  received 
the  government  for  giving  the  invention  to  1 
In  this  country  the  art  was  first  practicec 
was  improved  by  Draper  soon  after  it  was  h 
Daguerreotypy  was  very  simple,  easily 
easily  managed,  and  was  learned  by  many 
light  business,  requiring  little  capital  and 
profits. 

The  plates  employed  were  copper  faced ' 
metal  was  hard-rolled,  and  the  plates,. as  re( 

Fig.  321. 


manufacturers,  were  flat  and  quite  smooth, 
The  first  step  toward  the  preparation  of  t 
was  to  clip  the  corners  and  turn  down  the  e 
a  machine  designed  for  the  purpose,  to  1 
edges  of  the  plate  out  of  reach  of  the  bi 
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The  vscouring-  was  effected  by  sprinkling  o 
finest  rottcnstonc  from  a  bottle  havin|;»‘  a  thin 
over  its  mouth,  and  the  roltenstone  as  well  at^ 
Canton  llanncl  with  which  it  was  applied  ' 
with  dilute  alcohol.  I'he  centtu*  of  the  < 
s(iuare  was  then  clasped  between  two  of  tl 
moved  round  and  round  with  a  g-yratoi'y  mi 
plate  acepared  a  fine  dead-smooth  surface.  1 
of  rottcnstonc  were  removed  l)y  means  of  a 
flannel  'Phe  plate*  was  then  transferred  to  a 
A)u  a  swinf^ing*  support,  and  buffed  by  the  vi^ 
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Icin^itiuliiial  stHiiun  Ilf  mI  tlinii,  It 

alike*  in  flu’ iiuilfrr  III  lii'jtfli.  thf* 

alnnit  twin*  us  i1ch*[»  t!u*  1ni\. 

luK'h  Ihix  tHiiitaiiircl  a  i relaiia.iilai 
In  the  fiijMit  tilt*  liii\  \\as 
twua*  as  lung*  ;  IS  thv  1  li  l\,  111  lii«‘  ttIHit'l 

of  the*  sHih*  was  a  ptafr  it!  an 

top  of  t!u*  jar,  ainl  in  lliu  ujipuHitr  rin 
foniieci  an  apri1nt*n  liiriiishrit  with  a  r.ilil 
plate.  Upiiii  the*  tiip  ui  till*  ^liile  wus  ; 
pressed  huanl,  wliii*li  lirtd  the  ihni 
tlic  jar. 

On  the  iMilliiiii  i»f  the  jar  ul  lln*  iudiin 
the  seales  iif  ludiiie,  aii«i  in  thu  liOiiiiii 
cluiticliine  charged  with  hiuiiiiim  Tlie  I 
to  the  lime  clrup^hv  drup.  ami  fite  liitii*  i 
until  it  asHuiited  a  brighf  pink  hit*"  Iwn 
The  lime  was  thus  prepared  in  4 
transferred  to  the  jar  of  the*  ctialiiig  h 
inch  being  alMiiil  flit*  defilli  iri|titir'd  r 
The  polished  plate  was  p!ai:ril  f.iei*  «lo« 
slide  of  thi*  iotliiie  bc»\  aiitl  miaird  h%  pie 
as  to  bring  the*  plate  over  tin*  iudifii*  sii  if 
expostal  to  the  vapor  of  iodiiir  iiiiti!  it  41 
color,  the  plate  being  rriimvrd  and  r^aiii 
the  paper  windtnr,  ami  repiated  if  iirtTs 
color.  The  plate  iva\  then  in  a  similar  11 
the  fumes  of  flit*  broiiiiiie  iiiitil  if  briviiiit 
colon  It  was  then  rtntirtied  to  flir  ifnlii 


ciualiiy  of  the  lenses  of  tlie  camera.  'The  expo.^ 
best  cameras  was  reasonably  short.  I'he  old  lii 
witli  its  anticpiatecl  camera  and  rixturt\s,  and  the 
with  the  appurtenances,  are  faithfully  represtai 


the  brcniicMfKlicli!  nf  nilver  iittt  ;ietrii  ii|- 
plate  was  wahlital,  aii*!  a 

toned  hj  piniriiig  iijitm  if  a  weak  ^uliii 

*  A  liirtiiiMiln  ,iriitictil  Ird  ii.i  ilir  ^ 

filitilwarittiliit:  tiv  ftWitiw  nf  lit**' 
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ilhm  to  a  positicni  at  iinzlvs  it 

will  losi‘  its  ina<i’iu*tiMti  aiul  uili  ittif  it 
nhuaiia*  a  bar  of  hanlcmal  stca*l  in  the* 


rtf  III 


it  sr»'a*ral  btmvs  on  tli«*  cant 
pnrmatHiitly  iiia|^tirtii\  tint  s 
exhibit  polarity  wlirii  prrMaili 


tinir  a  nal  uf 


irtiii  haviiiit'  * 


Kffi^rt  «f  lilt" 


been  clLscciveml  llw*  lines  f»f  inirr  nuy  ' 
a  plate  tif  soft  ircin  plaiTcI  litiwr'eii  tlir  ina 
turejnit  it  retpiires  more  piimer  tu  itilriit}i: 
the  inaKiietic:  fkkl,  and  witlidraw  it  fhrrti 
recovered  frciiii  the  ariiialiire,  114 

perimeiit  showiiiij  how  inulitiii  may  hr 
forc*e  of  a  {lermaiieiit  iiiaufiet  An  ariiia 


MACiNKTISM. 


field  of  force  by  forms  or  ti^'ures,  but  the  aimexc‘d 
serve  to  illustrate  a  mc'tliod  of  forinine;-  ai 
curves  which  has  some  advaata<>*c‘s  ovc‘r  tlu‘  nu‘tli< 
red  to  above.  Idle  magaietic  i)artic:It\s  fall  ia  tlu‘ 
in  whieh  they  are  to  remain,  and  no  jarring  is  ret{ui 
To  make  a  Hat  plate  for  lantern  projtalion  or  ir 
use,  a,  plate  of  ^dass  llo.wcal  with  spirit  varnish  is  h 
the  ma^aiet,  and  iron  dust  rediu'ed  from  tlu‘  sul|)hat 
filint^s,  or  dust  from  a  latlie  or  planer,  is  a|)pli(‘d  by 
a  small  maf>;‘net  in  the  manner  indic'aleil  in  3. 

small  ma^^net  in  this  case  c'onsists  of  two  ma^'iieti/e 
needles  inserted  in  a  cork,  with  unlike  piojcattii 
arran^xal  about  one-(iuarttn*  of  an  inch  apart.  A  liti 
iron  dust  is  taken  up  on  tlu^  small  mai^ncd,  and  tlu‘ 


MACiNKTISM, 


Bunsen  burner  is  used  in  this  case  for  incltini>^  the  ] 
but  considerable  care  is  rec^uired  to  prevent  the  i 
from  burnin<^.  T  h  e  fmaire  ,, 

when  cool  may  be  removed 
from  the  mag“net  and  prt‘- 
served. 


FLOATINCi  MAdNK/rS. 


T  h  e  ordinary  ma^i^netic 
fish,  ducks,  geese,  boats,  etc., 
are  examples  of  iloating  mag¬ 
nets,  which  show  in  a  very 
oleasiiiL^  wav  the  attraction 


WilllHiiiiiipjiliillljjj 


I'hc  little  bar  magnet  accom¬ 
panying  these  toys  serves  as  a  ^  luatiag  Magnetic 

wand  for  assembling  or  dispersing  the  floating  ti 
it  may  serve,  in  the  hands  of  the  juvenilt*  c*xperii 
a  baited  fish  hook. 


i 


KRICTXONAL  E LECTKICITY. 


FRICTIONAL  FJ.KCTRICITY. 


electroscope,  us  shown  in  Fig,  350,  the  revcrs 
occurred  in  the  case  of  the  rubber  band  will  hapj 
is,  when  the  paper  is  stretched  out  the  leaves  wi 
and  when  it  is  closed  up  they  will  fall  togethcj 
that  in  the  latter  case  the  electricity  is  masked. 

lliere  are  many  other  interesting  ex[)enmeuts 
be  tried  with  the  elect nKscopc  in  connection  w 
objects  that  may  be  found  anywhere. 

A  toy  exhibiting  some  of  the  phenomena  ol 


¥  R I CT I  ON  A  L  K  LIX'F  R  U '  1 1’ V . 

Upon  gathering’  all  of  the  free  ends  of  the  tl 
gether,  the  I'cpulsion  of  tlic  threads  at  tlieir  ii 
caused  them  to  separate  widely.  When  once  elec 
a  dry  day,  the  threads  retain  the  charge  for  hou 
ar(‘  discharged  by  connecting  them  with  the  grouir 
the  body,  and  drawing  them  through  the  hand. 

When  the  mercairy  in  a  barometer  tube  is  agi 
friction  of  the  mercury  on  the  ghiss  generates  < 
and  produces  effects  which  are  visible  in  the 


:ne  ope: 
11  be  re 
)m  the 
spark  I 
ion  of 
inducec 
:)ver  mi 
tion  mr 
favorah 


nlly  ;uh1  tnniH'ai't'N  flu*  \iili‘anttt'  tlisk, 
ja'ovitliai  on  its  iniU'r  u  iih 

m  ciiaf^cd  u  ilh  liisulithitlc  < il  tin  and 
disk.  TiHin  a  vnU'aiiitf  ctilmnii  lis 
iicai’ tin;  t‘d‘’t*  (if  t!if  disk  is  suiiiMirf 


aitaciicd  TO  tne  ^lass  wuti 
ccincnt,  and  containinj^ 
brushes  of  tinsel  or  very 
fine  l)rass  wire,  which 
touch  the  rotary  disks 
Ii|>;;htlj.  llie  brushes  of 
each  pair  are  coniu'ctcHl 


^f':n  I 


FRIcrriONAL  KLECrRICITV 


arrang-ed  for  the  silent  cliscluirgc.  The  nuiltiplc  aj 
of  the  suuill  spark  of  the  wSilent  discharge,  whe 
chai^gc  rods  arc  near  together,  is  shown  in  Fig. 

The  report  of  the  discharge  is  increased  when 
plate  is  lield  between  the  rods,  as  in  Fig.  366, 
jumping  over  the  edge  of  the  rubber  tlirough  an 
distance.  Tlr.ck  cardboard  placed  in  this  position 
perforated,  and  the  spark  will  pass  tlirough  a  pam 


i  a  coat 
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bs  arc  siiflicarii! I V  liai|4;  to  icrrnr  a  I 
liufurt*  whicii  it  is  tirsirril  tn  rvliibit 
Ft)  cHiavtaiicaitlv  tltr  liiiiiiir 

fwu  ll-s!iajirt!  imi\  In*  f 


0; 


m  ^  4^  4c  m  ^ 


of  a  vulcanite  plate  is  moistened  and  placed  a< 
of  the  conductors,  and  moved  aloni^  so  as  to 
in<>'  of  the  moisUirc  aloni>‘  the  surface  of  the 
dischar^'c  will  ft)How  tliesc  lines  of  moisture,  1 
they  may  be,  in  [)refcrence  to  traversing;'  the 
between  the  two  conductors. 

As  to  cxpcrimcnls  possible  with  the  indu< 
they  arc  endless.  Tlic  machine  itself  present 


ona  inch  Dctwce 
twelve  to  eightec 
tion  may  be  inclo; 
should  extend  fro 
over  the  ends  of  i 
be  wStopped  with  a 
iect  a  short  dist 


i  wi>  siiuill  incta! 
peiHleit  hy  silk  I 
hciwcaai  the  «Hit 
iiuiktle  nm\  uiiti 
{iian’iticci  with  a  c 
uu  tin*  tabl<% 

Wluai  tt«*  iiij 


to  the  brl 


r  ct« 


arc*  rriH^IlcHi  liv  tl 

m  sp- 

attnuicil 
Aftrr  parfiuj*;  w 
they  are  a^jaiit  i 
tnitcr  hells,  ag-jiia 
on,  Ij  the  helh 
wit  It  the  hill!  of  a 
the  chain  front  tl 
‘r  riKilinj*:  of  the 

tke  plat  e,  ‘rite  t; 

ilff 

prulongetl  hy  fast 


the  buttons  so  that  it  will  not  swing.  1  he  elect 
in  Fig.  379,  illustrates  the  effect  of  the  elect 
from  points.  The  fly  consists  of  a  piece  of  m 
slight  depression  in  the  center  to  receive  the 
on  which  it  turns,  and  having  a  num-  F 

ber  of  wire  arms,  pointed  at  their 
outer  ends  and  all  bent  in  the  same 
direction.  When  the  pivot  of  tlie 
fly  is  connected  with  the  machine,  the 
fly  revolves  in  a  direction  opposite 
to  that  of  the  points.  The  motion  is 
owing  to  a  repulsion  between  the 
electricity  of  the  points  and  the  elec¬ 
tricity  imparted  to  the  adjacent  air 
by  conduction. 

Fig.  380  shows  a  fly  mounted  on 
a  horizontal  axis,  the  latter  being 


placed  on  two  inclined  wires  having  ^ 

feet  resting  on  a  pane  of  glass.  On  ^ 

connecting  the  incline  with  the 

thp  fiv  will  ntul  ii 
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bet u ceil  twti  ititiallit'  plates  etiiiiirel«‘tt  \\i 
ciuctcirs  oi  thc^  mat  hiiic.  I'u  pirviail  t!te 
flying'  ill  all  <Iirrc!tit»iis»  they  miitiiieil 
Fi>ur  pti‘ct*s  i>f  wiiuhiw  i^hkss  fiiriiitiig'  a  ttiij 
replace  the  jar  in  this 


Fit*  jij. 


Flr«  fllr’ 


(iussiot’s  caHcatii',  sIhuvh  in  My.  iHtj.  is  < 
riiHfiit,  but  requires  an  air  juiiiq*.  A  yulile 
foil  in  the  manner  «»l  a  M'Viien  jar  is  jihieeti 
latetl  bell  t»f  an  air  jHinqi ;  a  rut!  exteiuls  ’ 
intu  the  yoblet,  ant!  when  the  eleetiit  «li.Ht:l 
(the  n«l  anti  j)Iate  of  the  air  |>uin}>  beiny  ii 


Liic  scuic.  1  nis  iiivSii^umcni  piaccci  on  a  Dociy  recei 
electric  charge  will  indicate  roughly  the  extent 
charge.  What  has  been  said  covers  a  very  small 


M  I  s  •  I 


thr  t iiiiri  I i« tii 

till*  *  t  l|l|  »t  isifr  { it !  I  ^  I  ^  ^  H  ^  I  ‘J 

tlir  ojijiMHitr  till  I  t  1 1'.  til  li  iiir  jir-nu'itf  * 
SII1I4'  ill  iiufil  I  l!ir  |4»ii%  4IP  «lin“tr -I  i 

hill  if  lilt’  fiiilri  f ^hli-  I  tn 

ttirttt’cl  iii  IH  %tii  Lt1  iiiilil  l}^'  1  4d'i 

‘Ftir  tiiilv  |iir«  4iit lM3i  iii  »  «  i  ni  * 

iltst  I  lllfiriit  A  »  Iro'-*!.’ 

[Hiisrii  4lti|  ^  ill!  If  rrll , 

lt\  t  Hlili*  I  I  ISi4  ill*  mH  .i2l^  *’*4*  %%" 

r.ilrii  III  liir  Im  hm!., 

time*  till*  ^.ih  .illiillirlri  iii  rjn*.  U>  1 

*i  jHiiiit  wliiiit  it  tiitiiii4lrll  it 

<*lti%f;il  ;  aiiil  llif"  lli«  iiiiiisi,  IF 

liult  III  ftir  I  lit  mil.  I  Fi**  t  idi  rhit  r 
jii lilt  ijHilh  *iii»  t*i  tlii4f^  I  »4ir  iil 

iirril  liiifit'nl,  llwf  is,  llir  41 1  tsiilisLitlHii  »  = 
I'itjtjiri  jiltlt  .  !  Iir  film  in  iinl 

fail  lirtlimi  fiir  r\i  si 41;,;  s^HUiani  414!  tl 
ally  riaitirr^  itn*  %iiil,iir  l»'»  a  1  rrlaiii  »it 
taitnr  III  riilt'rhFiliriif  1 4  Ills-  ti 
tifiii  iiii  tlii*  ri»ji{M4'^  h%  llir  lirilr«»grii,  »4 
Hitl}*li»ilr  ar-riitiiiilif iii|*  tu  !ii«‘  lii|iii4 
siltiilaril V  #»l  tin*  tii**  jiiatr'.,  aii^l  »  Minrijin 
riitrriti,  T’lir  ttshulum  «ii 
mritiiii:  iit|iiii!  ni  llir  *<41  in  im%imr  wit 
friliittm  %!iil  iiiiliiri  llir*  thmurn 

Ail  flii^  ir^tilH  III  iiiakiliit  lltr  |tli 

attlifiii,  aiitl  ill  a  laiiimiiif'iil  irrakrtiiiig  i 


DYNAMIC  ELECTRICITY. 


plate,  or  the  polarization  of  the  plate  can  only  be 
by  mixing  with  the  exciting  liquid  some  substanc 
nitric  or  chromic  acid,  which  will  oxidize  the  hy< 
fast  as  it  is  liberated  by  oxidation  of  the  zinc,  or 
ing  it  while  in  the  solution,  or  by  violently 
exciting  solution.  The  galvanometer  needle  faith 
cates  the  result  of  either  treatment.  The  polar 
the  electrode  may  be  strikingly  exhibited  by  alk 
copper  plate  to  become  polarized  and  then  rcpl 
zinc  with  a  clean  copper  strip  like  the  one  already 
The  galvanometer  needle  will  be  deflected  in  th< 
direction,  showing  that  the  polarized  copper  pla 
the  same  manner  as  the  zinc.  Now,  by  removing' 
ized  copper  plate  and  wiping  and  replacing  it,  the 
of  the  needle  will  be  much  less,  and  it  will  not  fall 
until  the  very  slight  coating  of  zinc  which  has  b 
sited  on  the  copper  is  removed  from  the  polarize' 
means  of  emery  paper  or  otherwise.  Precisely 
effect  is  noticed  when  a  newly  amalgamated  ziii 
opposed  to  an  oxidized  zinc  plate.  The  oxidize' 
this  case  will  act  as  if  it  were  copper. 

This  method  of  showing  the  effect  of  the  polai 
the  copper  plate  is  conclusive.  The  phenomenon 
to  the  polarized  plate  manifests  itself  in  an  nnr 
manner  in  polarizable  batteries  under  the  com 
actual  use. 

While  the  entire  office  performed  by  the  m 
amalgamation  is  not  known  with  certainty,  o  n  e  c 
poses  is  to  present  to  the  liquid  a  surface  made  v 
and  mercury,  and  these  two  only.  The  acid  ac 


3t)K  FAl’r,ia\li:\  I’Ai.  sriixii. 

Ali  battc*!*it‘s  art*  iiiurr  nr  Ivss  i|r!rfli\f’  in 
requirt*  a  ilea!  al  ran*  aiul  alfeulicut. 

lar^’e  uses  te  uhii*li  !»attc*rtes  urie  a|q»lie*i  a  i 
now  clcqK‘iicl  eiUirc*!\  iipoii  tlvitaiiUis  Ihi  tiiiir 
less,  batteries  !ia\t‘  iiiaiiv  tisvs  t*i  whieli  flie  ti 
1h*  coiivi‘iiic‘nt!y  or  reoiioiiiieallv  aj»{»!ie*i ;  mh 
as  workiii|4'  the  siiuilli*r  lines  uf  teti\i^i,iji!u  ttii] 
iiperatiug’  iiitliealtirs,  auiuiiieiators.  efts,  aiitl 
viiit  work  wIituT  a  eoiiijiarativeh  siiiall  iiiiie 
tt*lephoiie  transmitters,  aiitl  in  tipini  isiiiot 
current  is  reqiiirtal  oiilv  at  toiu;  iitleii.ils,  flu 
not  lie  hiiiistitutcat  for  li;itlerit%. 

Terius  sutit  as  **t*tfa1rit’  laii  iriit.*' 
the  tmrreut/*  art*  liasrcl  on  the  assiintjif ioii 
Fii;.  til  «!  viiailltf  rlei'tl  if  if 

to  tbal  oi  tliiitis;  Ifti 
positivriv  kiiiHiii  1*1 
eletll  ieiH  .  lltrsr  e\|i 
be  taiiisiitrm!  It  l  s  1 1 
lioiiaL 

Sf\i4J  144411  I 

Sincual  of  tlir  bat 
iii|(  iiiily  a  siii^lr 
very  iisrfti!  in  mpri 
and  a  niiiiifwr  «il  tlin 
value  niiiiiiirreiallie 
filclest  of  these  batteries  is  Sfiiri**s,  iifiiiii  is 
39t*  A  iviititirii  strip,  W.  wliieli  rrsf.,  ii| 
HiipporlH  file  platitiy.ri!  silver  |ilati%  H,  i'lie 


SiiirrSj  liilti'iy. 


ns  as  tilt*  j?l, 

*\vs  jiassini^'  lliitait*li 
V  wirt^H  t‘t  iiiiirtlt  it  h  it 
‘iltat  brfwrtai  flir  m 
the*  llial 

icai  with  thr  /.iiit  i?! 
Itroug'hiillt  tlir  nriirs, 
cl  with  ifir  liiialiii^ 


If 
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Siiii|ilti  |*|iiftir 


The  ztncHiirc*  aiiialgaiiialeth  ami  llif  In 
filled  wdth  the  hiefirciiiiate  wiliitiuii. 

thr  aiinil^aiiiatitiit  nf  ftit^  / 
tity  ef  bisulphattc  of  nierriiry  is  atltlrtl  | 
scdutieii^  stiy  J4  ^Htiice  tii  every  qiiart  tif  s 
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The  upper  cuds  of  the  carl)()n  plates  are  parafl 
shown  in  395,  bv  lK‘atin<4*  t!u‘  (aids  only  and  mb 
paraffine,  allowing*  it.  to  nu‘lt  and  soak  into  tlie  poi’e 
plate  until  a  strip  about  i  inclu‘s  wid(‘ ac'ross the  en 
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plate  being  located  between  two  carbon  pi 
rated  from  them  by  strips  of  parafifined  wooc 
i^- inches  wide,  and  8  inches  long.  The  plates 

strips  are  clan 
by  thick  strips 


wood  arranged 


side  of  the  carl 
bolts,  preferabl] 
ing  through  tl 
of  the  strips, 
cofinection  witl 
is  made  by  inse 
strip,  a,  betweei 
the  wood  strip, 
tion  with  the  carbon  places  is  made  in  a  sii 
strip,  b,  being  looped  so  as  to  form  a  cont 
plates  without  touching  the  zinc. 

Before  the  elements  are  Fig.  ; 


put  together,  the  zinc  plates 
should  be  carefully  amalga¬ 
mated.  This  is  done  by 
dipping  each  plate  into  a  jar 
of  dilute  sulphuric  acid  (acid 
i  part,  water  lo  parts),  con- 
taining  mercury  at  the  hot- 
tom.  As  soon  as  the  lower 
end  of'  the  plate  is  coated 
with  mercury  it  may  be 
lifted  from  the  solution,  in¬ 
verted,  and  allowed  to  stand 
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coated  with  siielluc  vaniisli  inside  an 
to  dry  bctoi'c  introducing^  the  lining' 
arc  placed  in  a  box  having  reincnail 
extending  over  the  top.  I'o  tlie  vt 
frame  is  loosely  litied  a  horizcmtal  fra: 
plates  of  the  battery.  In  the  upper 


Dy  ciawsuc  ruDDcr  irdims,  as  rc‘ 
shows  the  ckaacnfs  ixaiunaal 
the  jar  is  pca-forated  to  rtaxa\ 
which  extends  down  into  thc‘  > 
Idle  prisms  ('onsist  (d  40  pa 
of  man^anesCj  52  parts  of  gran 
shellac,  and  3  parts  of  potassii 
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Leclanche  Battery, 


Dr.  Carl  C»assiH‘r‘s  patcait  Iit  battery  is  iiuuii  th 
ill  prineiplt*  as  tlu‘  Lec’lane!u%  Imt  the  I'xeitin^’  Iluici 
taiiUHl  in  a  pastt%  aiul  tlu‘  ziiu*  element  forms  tin*  (xm 
vessel.  Two  forms  of  t!u‘  liattca'v  are  made,  om^  Inn 


indrical,  as  shown  in  I'i^*.  401,  tlu^  tjtlua*  ellipticail,  as 


is  adapted  to  eitlK‘r  opc‘a  or  iiosc*ci  i-ii-euit 
opt^ratc  for  several  nioaths  uillioul  rc-pleii 
bccai  usc‘d  suc'(X\ssl ull\'  in  I'o-plat iii^' 

on  a  small  st‘alc*. 

I'he  e(‘ll  is  made  ol  i^ist  ir  m  ami  serxis 
[)la.l(‘s  of  the  batti‘rv*  It  itiue!i  liea^im*  th 
blit  this  is  eompensaUxl  tor  bv  its  iion-Hahilit 
In  tlK‘  small  pattmii  the  iron  ix*lh  is  el 
her  stopper,  ( 1,  thnnii»'h  u  liieh  passes  a  br.i 
vided  at  its  upiK*r  end  with  a  post,  I 
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force  of  about  ro^cj  rolls.  I'his  auunuil  varies  somewhat 
with  the  density  of  the;  copper  sulphate'  solution.  'I'lie 
internal  ivsistanero  of  this  battery  varies  considerably  with 
the  construction. 

In  a  battery  like  that  shown  in  the'  euf^'raviiif^,  the  re'sist- 
aiicc  is  about  ,4  ohm,  but  this  may  run  up  as  hi|^!i  as  H  or  to 
ohms  in  setme  forms. 


In  this  battery,  as  well  us  in  the  i^ravity  Initteryy 
described  below,  an  exami)le  eif  the  most  perteet  depob 
ariiiini^  acti{)n  is  found.  Here  the  hydrog’eu  residtiug’  ir«mi 
the  action  of  the  dilute  acid  e)n  the  zinc  is  liberated  on  the 
surface  of  the  copper  plate,  where  it  reduces  the  sulphate  of 
Pit5,  copper,  forrnini^  sulphuric  aend  and 

metallic  copper,  the  latter  being 
deposited  on  the  surface  of  the 
copper  plate.  So  long  us  sulphate 
of  copper  is  present  in  the  luittery 
this  action  c'ontimtes,  and  tlu*  cur- 


shown  m  its  simplest  form  in 


copper 
water  i 
standin. 
As  the 
dent  on 
at  the  t 
gravita 
solutioi 
part  of 


ee  copper 
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The  f^lass  vessel,  A,  is  partly  lilleil  with  diluti*  suljdiurit: 
acid  (i  })art.  of  acid  to  about  in  or  u  parls  ot  waten.  In 
this  vessel  is  plaet'd  an  ainal^’ainatetl  /ine  rvtinder,  Z, 
whicli  is  open  at  both  ends  and  slit  down  one  side.  In  this 
cylinder  is  placed  the  porous  I'cll,  \b  eontaiuini.;  ordinarv 
nitric  acid.  A  plate,  1’,  of  platinum,  whii'h  is  iient  in  the 
form  of  an  M,  is  fixed  to  the  porous  cell  cover,  and  is  im- 
mer.sed  in  the  nitric  acid.  TIu‘  platinum  is  lonueeted 
with  the  binding’  screw, /i,  and  there  is  a  sindlar  binding 
screw,  /r,  on  the  icinc. 

In  this  battery  the  hydrogen  which  woidd  be  disengaged 

Fit;.  408, 


’.I  .  t  ■!!  .  il.  '  j 
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on  the  platinum  dec;ompo.se.s  the  nitric  acid,  forming  !jvpo» 
nitrous  acid,  which  is  dissolved  or  is  disengaged  as  nitrons 
fumes. 

The  resistance  ol  the  CJrove  cell  is  about  half  ohm. 
Its  clectro-moti /e  force  is  I'pjb  volts,  I  he*  jietion  of  this 
battery  is  constant. 

I  he  chromic  acid  battery,  shown  in  big.  140K,  is  a  tiioih* 
fication  of  the  Ounsen  and  is  similar  to  the  Cirove  In  form. 
Ill  this  battery  an  amalgamuled  mxv  cylinder  surroumK 
the  poious  cup,  and  a  rod  of  ttarbou  rt*phu!es  the  platinum 
foil  ill  the  Grove.  I  he  jar  is  filled  with  saturated  solution 
of  common  salt,  or  with  sulphuric  add  diluted  with  u  parts 
of  water. 
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'Phe  porous  cell  is  lilledwilh  the  bichromate  of  potash  or 
the  bichromate  of  soda  solution  previously  described. 

When  the  bichromate  ol  potash  solution  is  used  in  the 
porous  cell,  and  a  saturated  a(iucous  solution  of  common 
salt  is  placed  in  the  jar,  the  action  is  as  follows:  The  chlorine' 
of  the  salt  unites  with  the  xinc,  forming*  :<inc  chloride,  and 
at  the  carbon  plate  the  sodium  replaces  the  hydrogen  of  tlu' 
sulphuric  aciil,  formiufj^  sodium  sulphate.  'I'he  nascent  hydro¬ 
gen  reduces  the  chromic  acid  of  the  solution,  producing 
chromium  se.sciuioxide. 

'Flu'  Bunsen  battery  differs  from  the  chromic  acid  in  em¬ 
ploying  nitric  acid  in  the  porous  cell  and  dilute  sulphuric 
acid  in  the  jar. 


d'he  elect HMUotive  lorce  and  resistance  of  the.se  batte¬ 
ries  tire  about  the  same  us  in  the  drove. 

In  tin*  h'ulU'r  battmT  (log.  40<j),  the  zincs,  .so  long  as  they 
last,  are  permanently  amalgamated.  In  the  accompanying 
ligurc  t  wo  ctells  are  shown.  I  he  carbon  plate  is  placed  in 
the  outer  vessel  in  the  bichromate  of  soda  solution.  1  he 
zinc  clement,  which  is  of  the  shape;  shown  in  the  figure,  is 
placed  in  a  porous  cell,  into  which  an  ounce  of  mercury  is 
poured,  and  which  is  then  filled  up  with  water  only.  I  he 
addition  of  this  mercury  is  the  cssc'utial  feature  of  the  bat¬ 
tery.  'Fhe  zinc  plate’  is  in  this  way  kept  permanently 
amalgamated  so  long  as  it  la.sts  :  the  conseciuencc  is  that  not 
only  i.s  the  internal  resistance  of  the  battery  largely  dimin- 
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ishcd,  blit  its  coiistaiu'y  is  lo  :i  grt-ut  cxlcui  insuri'd.  'Piu* 
action,  aflcr  the  battery  is  chained  and  (he  elements  are 
connected  with  each  other,  t:oinmences  almo*.(  iminediately, 
and  reaches  a  maximum  in  the  course  nl  a  lew  htuirs. 

The  rod  connected  witli  the  /hu'  eleineiit  ret|uires  a  pro¬ 
tecting  coverin'’;'  of  gnitta  pt'ri'ha. 

This  is  an  excellent  battery  for  open  circuit  work.  U, 
has  an  electro-motive  force  of  nearly  two  volts,  and  an 
internal  resistance  of  about  tw'o  ohms. 

MKCnANtCAI,  DKI’Ol.ARIZA  TKlN  o|-  KI.Kl 'Tkc )[ «KS. 

In  all  sm^lcdluid  batteries  polarization  necessarily  takes 
place  to  some  extent,  wduitever  precautions  may  he  adopted 
for  its  prevention.  'Phe  means  of  tlcpolarizin^'  sin^le-fUnd 
batteries  are  mechanical,  and  consist  in  the  ai^itation  of  the 
cx'citing'  Iluid  by  i^ravity,  as  in  the  fountain  battery,  In  air 
jets,  as  j)racticccl  by  (Irenet  and  others,  by  stirring'  tlie  iluid 
by  mechanical  means,  by  rotating  or  swinging  tlie  idec» 
trodes,  and  by  roughening  the  ch‘etrode,  as  in  the  case  of 
Smcc’s  battery,  in  which  the  platinum  plate  is  i-ovcred  with 
a  deposit  of  finely  divided  platinum. 

In  single-fluid  batteries  polarization  may  be  greatly 
retarded  by  enlarging  the  plate  on  which  the  hydrogen 
tends  to  collect,  so  as  to  afford  a  great  surface  for  its  dissi¬ 
pation.  In  two-fluid  batteries  the  flepolarization  is  effected 
by  chemical  means,  and  perluqis  more  perfectly  in  the  sub 
phate  of  copper  batteries  than  any  other. 

In  all  single-fluid  batteries  the  oxidation  of  the  zinc  liti- 
erates  hydrogen,  and  this  rapidly  reduces  the  povvci'  of  the 
battery  in  the  manner  explained  in  the  formcT  paper.  In 
Smee’s  battery  the  microscopic  points  formed  by  tlie  rough¬ 
ened  platinum  surface  facilitate  the  escape  of  hydrogen, 
and  in  this  way  may  tend  to  maintain  the  power  of  the 
element. 

In  the  Grenet  battery  the  carbon  plate  c|uickly  polarizcK, 
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tlic  biUtcuT  to  its  normal  slrenjj;’th.  (ireiK't  ag'ilatcul  the 
excilinfj;-  lliiicl  by  mc'ans  of  air  blown  in  throu^^'h  ^’lass  lubes, 
as  shown  in  Fi^;’.  410.  'Phis  prevcmts  polarization  to  a  g'rc'at 
extent,  and  renders  the'  battery  vc-ry  active.  Dr.  Byrne,  of 
Brooklyn,  adopted  1  his  j)lan  of  depolarization  in  his  battery 
with  rc'iiiarkablc;  results. 

lugs.  41 1,  412,  and  413  show  a  purely  mechanical  aji^ita- 
tor,  consisting  of  si>rin^^-actuated  stirrers,  ('ontrolk'd  by  an 
elect ro-maf^nct  of  hig'h  resistance  in  a  shunt  around  the  bat¬ 
tery,  ',1'hc  niaf^net  absorbs  but  a 
very  small  proportion  {)f  the  cur¬ 
rent,  and  has  only  sullicient 
power  to  move  the  lever  con- 
trolliiifi;  thci  spriuj;’  motor. 

'Phis  motor,  wdiich  may  be  of 
the  cheaper  cla.ss,  is  mounted  on 
a  base.  A,  secured  to  two  parallel 
bars,  B,  carrying  the  zinc  and 
carbon  plates,  , S' r,  of  the  battery. 

I’hesti .  p  1  ates  are  placetl .  Hat 
against  the  bars,  B,  and  secured 
by  screws  and  waslun’s.  'Phe  zinc 
of  one  element  is  connected  with 
the  carbon  of  the  nctxt  by  a  wire 
pa.ssing  diagonally  through  the 
bar,  and  the  Hrst  zinc  and  last 
carbon  are  connected  willi  the 
binding  posts  at  the  ends  of  the 
bars,  B, 

The  second  shaft  in  the  train 
of  gearing  is  provided  with  a  crank  connected  by  a  rod, 
C-  with  the  lever.  D.  which  is  fastened  tti  a  ir)ck  shaft 
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position  of  the  rod  relative  to  the  plates.  A  .swinging  arm, 
G,  supports  the  extremity 


of  the  rod,  E.  A  high  re¬ 
sistance  magnet,  11,  mount¬ 
ed  on  the  base,  A,  is  con¬ 
nected  with  the  two  binding 
posts  of  the  battery,  so  as 
to  receive  a  small  portion  of 
the  current.  The  armature 
attached  to  the  lever,  I, 
when  drawn  against  the 
j)oles  of  the  magnet,  brings 
tlie  lever,  I,  into  engage¬ 
ment  with  the  fan,  J,  wliich 
is  the  last  element  in  the 
train  of  gearing  composing 
the  spring  motor.  A  light 
retractile  spring  draws  the 
lever,  1,  away  from  the  fan, 
J,  and  removes  the  arma¬ 
ture  from  the  magnet  when 
the  power  of  the  battery  is 
reduced  to  a  certain  limit. 
'Phe  spring  motor,  being 
free  to  act,  oscillates  the 
nals,  E,  and  by  stirring  the 
exciting  litpiid  disengages 
tlie  hydtogen  from  the 
plates,  and  brings  fresh 
Ikpdd  into  contact  with 
the  xinc  and  carbon  and 
restores  the  strength  td  the 
battery,  when  the  armature 

be 
the 
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111  this  \v;iy  the  slrcnj^th  ot  the  hatterv  will  lie  main 
tallied  within  certain  limits,  until  (he  li(|uid  is  eshausted 
Of  course  this  system  may  ht*  extended  sidewise  or  Umj^th 
wise  as  much  as  may  he  desired. 

All  batteries  employiufX  mec'hanical  means  of  depolari 
/ation,  with,  jieriiaps,  the  ext'eplion  of  SnHH'‘s,  are  onh 
adapted  to  uses  retpiiring'  a  very  stroni^’  current  for  a  lim 
ited  time. 

SKCONDARV  HA‘riKHV. 

I’rohably  no  secondary  battery  can  be  more  readil'i 
made  or  more  easily  manai^ed  than  the  tme  invented  b] 


0 


0 


rlaiitc.  It  IS,  therefore,  especially  aduptetl  to  the  wants  of 
the'  amateur  who  makes  his  own  apparatus.  !t  takes  a 
longer  time  to  form  a  I’lante  battery  than  is  reipdrml  for 
the  formation  of  some  of  the  batteries  having  plates  to 
which  the  active  material  has  htum  applietl  in  the  form  of  a 
paste,  and  its  capacity  is  not  cpiite  ecjiial  to  that  of  more 
recent  batteries,  but  it  has  thc‘  advantage  of  not  being  ho 
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liable  lo  injury  in  unskilled  hands  iind  of  idlowin^i^  a  more 
ra{)id  discharge  without,  affecting-  the  active  matter. 

Each  cell  of  the  battery  c'onsists  of  id  lead  plates,  each 
6x7  inches  and  ;j'*g  inch  thick,  placed  in  a  glass  jar  6x9 
inches,  with  a  depth  of  7.]  inches,  hkich  plate  is  provided 
with  an  arm  1  inches  wide  and  of  sunicieiit  length  to  form 
the  electrical  connections,  'Fhe  plates  arc  cut  from  sheet 
lead  in  the  mannei*  indicated  at  3,  in  I'ig.  413,  /,  c.,  two 
plates  an*  cut  from  a  sheet  of  lc‘ad  8|xi4  inches.  This 
method  of  cutting  effects  a  saving  of  material.  The  plates 
after  being  cut.  and  flattened  arc  roughened.  One  way  of 
<loingthisis  shown  in  I'ig.  4PV/.  'I'he  plate;  is  laid  on  a 
heavy  soft-wood  plank,  aiul  a  jticct'  of  a  (loul)le-cnt  file  of 


Huughtjnitig  the  Plalct. 


tncdiiim  lineuess  is  driven  into  the*  siirfae’c  of  the  lead  by 
means  of  a  mallet.  'I'o  avoid  breaking  the  file,  its  temper  is 
drawn  to  a  purple.  After  tlie  plate  is  roughened  on  tine 
side,  it  is  reversed  and  treated  in  the  same  way  upon  the 
opposite  side.  If  a  knurl  is  available,  tlic  roughening  may 
be  accomplished  in  less  time,  and  with  less  effort,  by  rolling 
the  knurl  over  the  plate.  Half  of  the  plates  are  provided 
with  four  oblong  perforations  into  whicli  are  inserted  II- 
shaped  distance  pieces  of  stdt  rubber,  which  project  about 
)4  inch  on  each  side  tif  the  plate.  The  perforated  and 
imperforate  plates  are  arranged  .in  alternation,  with  all  of 
the  arms  of  the  perforated  plates  extending  upward  at  one 
end  of  the  element  and  all  of  the  arms  of  the  imperforate 

f  the  element. 


420 


1-;  X 1  ’  i*;  RIM  1  ■:  x’l' a  l  si  ■  n-:  x i  ‘  i-;. 


The  plates  are  clanii)t'{l  (oi^^etlier  by  means  ttt  woocien  strips 
— previously  boiled  in  paralline  and  rubber  bands.  I  lie 
strips  arc  placed  on  opposite  sides  ol  the  series  ol  plates  at 
the  top  and  bottom,  and  the  rubber  btuuls  extend  length¬ 
wise  of  the  strips. 

'I'he  arms  of  each  series  of  plates  tire  bent  so  tis  to  brin^ 
them  together  about  3  or  4  inches  above  tiie  upper  edges  ol 
the  jilates.  'I'liey  are  perforated  to  receive  brass  bolts,  etieli 
of  which  is  provided  with  two  nuts,  one  tor  bending  tlie 
arms,  the  other  for  clamping  the  conductor. 


I'lu.  414. 
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This  element  is  placed  in  a  glass  cell,  on  paraffiiual  trian¬ 
gular  wood  supports,  and  the  ionuatiou  is  proeetHled  with. 
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lire'  t'onncctcd  in  scrii's,  and  i1k'  pole's  of  caedi  i;c'll  arc 
marked  so  lhal.  llu'v  I'kiy  kc  always  coniu'ctlcd  up  in  the 
same'  way.  'riie  cliaro-in^-  cun-ent,  from  whatever  source, 
shonld  deliver  a.  c'urrt'iit  of  ten  ami)eres,  with  an  elect ro- 
inolivt'  force'  tt'ii  pe'r  ct'iit.  above  that  of  (he  ace'unnilafor. 

I'kieh  ct'll  of  this  hattery  has  an  electro-motive  force  of 
two  volts,  and  tlu'  volta.^'e  of  the  series  of  cells  would  he  the 
mnnhc'r  of  e't'lls  -  2.  It  is  a  sim[)le  matter  to  detc'rtiiinci  the 
amount  of  currc'ut  retiuired  to  ('liar^U' a  »-iv('n  number  of  cells. 
I'or  I'xampU',  a  battt'iw  is  reeiuirc'd  for  supplyin^^  a  sc'ries  of 
iiicaudc'scent  lamps.  It  has 
been  found  uiu'e't )nomical  to 
list'  lamps  ol  a  lowt'r  vollaj^’t' 
than  Do.  It  will,  tln'refore, 
rt'tiuiri*  a  battery  liavin*;’  an 
Ik  M.  !•'.  of  (10  volts  to  operate 
even  a  sin^'lc  lamp.  'This  be- 
iuj4'  the  ca.se,  at  least  30  cc,  Ils 
oi  battery  must  be  provitU'd, 
and  oil  account  ol  a  slight 
lowering  ol  the  I'k  M.  lb  in 
use,  two  extra  cells  should  be 
added.  It  will,  therc'fore,  rt'- 
tptire  cc'lls  h)r  a  small  in¬ 
stallation,  and  the  machine  lor 
<‘harging  sueli  a  battery  should 
be  tible  to  (urnish  a  current 
of  ten  amperes,  with  an  Ib  Ib  of  75  volts.  To  form  the 
battery,  it  is  placed  in  the  circuit  of  tlui  dynamo  and  kept 
there  lor  thirty  hours  continuously,  or  for  shorter  periodB 
aggregating  thirty  hours.  It  is  (hen  thbscharged  through 
a  resi.stance  of  20  or  30  oluns,  and  again  recharged,  the 
connections  with  tlie  dynamos  being  reversed  so  a.s  to  send 
the  current  througli  the.  battery  in  the  opposite  direction. 
Tlie  battcuT  is  again  discluirged  through  the  resistance,  and 
again  reeharged  in  a  reverse  direction.  These  operations 
are  repeated  four  or  five  limes,  when  the  formation  is  ccjm- 
ph‘le.  It  will  re((uirc  from  five  to  seven  hours  to  charge 
ihc  battery  after  it  is  thorouglily  formed.  It  must  always 
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be  connected  with  tlic  dyiuuuo  as  connected  last  in  ehar^xin^f*. 
Althoug-h  amateurs  may  fmd  pleasure  in  const  met  inj; 
and  forming- a  secondary  battery,  tlicre  is  no  economy  in 
securing  a  battery  in  this  way.  It  is  less  expensive  and  less 
vexatious  to  purcliase  from  reliable  makers. 

TI IKRM( )-KLKt;TRlC.  t ‘ll RRKNT. 

Professor  Seebeck,  of  Berlin,  discovereil  in  1S21  that  an 
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by  soldering.  'I'hc  soldering'  occurs  alternately  at  opposite 
ends,  as  indicated  in  the  plan  view  in  the  lower  pari  of  the 
cut.  'Phe  battel y  is  thus  formed  of  a  continuous  conduc¬ 
tor  of  dissimilar  metals.  'Phe  terminals  of  the  series  being 
connected  with  a  galvanometer  of  low  re.sistance,  heat  applied 
to  one  end  of  the  scries  will  cause  a  current  to  How.  'Phis 
will  be  indicated  by  a  delleclion  of  tlu^  gal vanometc'r  needle. 
'Phe  current  will  c'ontinue  to  How  so  long  as  a  difference  ol 
temperature  of  the  ends  of  the  series  is  maintained. 
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for  clcctro-plalinj;'.  In  (his  hattorv  oiu*  t'lt'iiu'ut  I’niisiNlN  tit 
an  alloy  of  two  paiis  of  antiuion\’  and  one  tif  zim-,  oasi  in  a 
Hat  spindle-shaped  bar,  H,  from  2  (o  3  inehes  in  lou^’th  by  li 
incdi  in  thickness.  'I'ln^  other  element  is  a  tliin  strip.  L,  ol 
tin  plate',  whie'h  enters  a  notedi  in  the  iiint'r  ('iid  ol  one  anti¬ 
mony-zinc;  elenu'iit  and  is  c'onnected  in  a  similar  wa\‘  with 
the;  outer  c'lid  of  the  lU'Kt  element.  'Fhese  are  joined  in  a 
circle,  as  shown  in  h'if^.  4(7,  and  are  kept  in  position  bv  a 
paste;  of  asbc'stos  and  soluldc'  j^iass.  h'lat  rini^*,  \’,  o!  this 
coinposilion  are'  also  made  and  placed  bc'twee'U  the  se'iies  oi 
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edemeiits,  which  are  piled  one  over  i!i  '  other,  as  shown  in 
Fi^s.  41 8  and  419.  The  t'onneclitm  between  the  several 
series  is  made  by  Holderin|r  toi^'ether  positive  terminals  ot 
one  scries  with  the  negative  of  the;  next,  as  shown  in  Fig. 
417.  When  the  battery  is  complete  the  interior  pre.settts  the 
appearance;  of  a  perfect  cylinder. 

The  heating  is  effected  by  nunms  of  coal  gas,  admitted 
tlirough  an  eartlu;nwarc'  tube.  A,  perhirated  with  minieroiiH 
small  holes.  The  temperature  should  not  exceed  about 
200'’  F. 

A  battery  of  sixty  such  elements  has  an  ekm>ro-me»tive 
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force  of  three*  volts  ami  an  int'crnal  resistance  of  lA  ohms. 
'Fliis  l)a(t(‘rv  has  been  nsi'd  in  telci^'raph v,  in  elech.ro- 
inctalluriu;T,  and  in  cliariji'in|;j;' sc'c'omhu'v  batteries. 

Kl.I'.C  rRIi'Al,  UNITS. 

Potential  is  a  tc'rm  used  to  expri'ss  various  dt‘^ree.s  o( 
elect I'ical  eiu'r^y  or  power  of  doin^*  work,  and  is  ustal  with 
respei't  to  elect ric'itv  in  inui'h  the  same  wav  as  pressurt*  is 
applied  to  stetun.  riu*  eaiih,  so  faras  potential  is  tumc.  rued, 
is  .said  to  be  at  zero  'riie  zero  point  forms  aliasisfroni  which 
to  measure*  tin*  relalivt*  elee*t i’it*al  c.'ondition  of  bodit*s  whic'h 
mav  have*  hij^’her  oi-  lowei  potential  than  that  of  the*  earth. 

h'or  the*  sake*  of  e*tmve‘nie‘ne*e*,  cle’Cl I’ie'it v  is  trc*ate’das  a 
fluid.  Any  substanea*  throu^'h  whie-h  it  Hows  is  e*.ilh*d  a 
eondue'lor,  and  the*  Ilow  ol  the*  Ihiid  ove*i’  the  conductor  is 
known  as  a  curre’nt.  ,\ny  snbstaue’e  ove*r  whii’h  e*lee‘trie'ity 
will  mit  pass  is  calle'd  an  iusidateu'. 

ddie  ditlcreucf  of  potential  bet\se*en  lu'o  |n)ints  cou- 
iu'ctt*d  l)y  a  e'omliie'tor  causes  a  passuf^e  ol  e'lee't ricity  from 
one*  point  to  the*  otlmr  until  an  e-epulihrinm  is  established, 
wlu*n  th(*rt*  e'au  bt*  no  lurther  Itausler  ol  the  e'urreiit.  Wdieu 
a  e'urreiit  is  passini^',  it  shows  that  tlu’re  is  a  dilft*rene*e  ol 
potential. 

Idect ro-niotive*  force*  iftn*  convenience*  nsuallv  written 
1*.  M.  1*  .1  is  that  force*  whie:h  tenels  to  move  e*lect rie'it y  frtnn 
one*  point  tti  another.  It  is  prejportional  to  the  diileretice  ol 
the  potential  til  the  two  points.  'Fhere  may  be*  a  clilTereutx^ 
til  ptifenfial  at  twci  [itjints  wilhotit  a  eairrent.  Whtai  the 
two  ptiiuts  arc*  eaiunected  by  a  ctiuduetcir,  the  eairrent  will 
be  estahlisheel  by  virtue  o(  the  elee’tro-motive  forere. 

All  substances  ttffer  more  tii*  les.H  resistance  to  llic  electric: 
current,  Mtisl  metals  are  called  g’ocid  ctiiieluctors,  betaiUHe 
they  tiffer  but  little  resistance  to  the  pa.s,sa|»‘e  tif  a  current. 
Other  materials,  such  as  woticl,  sloiie,  fi^lass,  are  practically 
iiou-et iuduc’ttirs,  and  are  thereftire  culled  insulators. 

Kleefrieity  being’  invisible  and  iinptinderaiile,  it  is  impos¬ 
sible  to  measure  it  as  ponderalik*  matter  is  measured,  there¬ 
ftire  special  units  have  bc*en  devised  for  the  metisurement  of 
eleetrielty,  whit*h  are  of  two  kinds,  known  as  uhsolule  units 
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and  practical  units,  the  ratio  between  the  two  ht‘in|^  some 
power  of  ten. 

In  tlicse  measurements,  length,  mass,  and  time  are 
measured  in  centimeters,  grammes  and  seconds,  respeilively. 
This  is  known  as  tlie  ccntimeter-gramme-secontl  method. 
The  abbreviation  for  this  method  is  i\  C!.  S. 

'Pile  absolute  units  of  this  system  are  not  adapted  to 
practical  use,  as  they  involve  figures  of  Inconvenietit  h'ngth. 
but  in  order  to  show  the  basis  of  electrical  measurements, 
the  following  examples  are  given  : 

'I’lie  dyne  or  absolute  unit  of  force  is  that  force  wliieh, 
acting  for  one  second  on  a  muss  of  one  gramttie,  imparts  to  it 
a  velocity  of  one  centimeter  per  second.  The  weight  of  (tne 
gramme  ac(H)rding  to  this  explanation  is  etpiivalent  to  a 
force  of  I  X  y8o'2  980*2  dynes  at  New  York,  hit.  40  .{t  N. 
(A  gramme  is  e([ual  to  15,432  grains,  and  a  eentimetc'r  tf» 
0'3937  of  an  inch.)  'Die  velocity  accpdrecl  bv  a  falling  body 
in  one  second  is  32* lb  feet,  or  980*2  reutimrttns,  at  New 
York. 

The  erg  or  ahsoliite  unit  of  work  is  the  work  i  tapiired  t** 
move  a  body  oiu*  centimeter  against  the  loree  ol  uuf  d\  ne. 
I'hc  weight  of  one  gramme  being  (‘(pial  to  <(Kn  tlym-s,  ihf 
work  of  raising  one  gramme  through  one  centimeter  agaiiisf 
the  force  ol  gravity  is  9H0  eu'gs. .  An  ei’g  is  ecjual  br  1 
of  a  foot  pound.  A  loot  pound  is  work  done  in  raising  <ine 
pound  one  foot  high. 

A  magnetic  pole  ol  unit  strcngtli  is  such  that,  wlum 
placed  at  unit  distance;  (one  centimeter)  fnmi  a  sindLu 
pok‘,  the  two  will  act  upon  c'ach  other  with  unit  iuHt- 
(one  dyne). 

Aurut  line  of  force  is  of  such  strength  as  to  act  on  a  pnir 
of  unit  strength  with  unit  forces  {one  dviic).  A  magnetic 
field  ol  unit  Intensity  is  otic  in  vvliich  each  srpiaie  cciiti 
meter  of  ai*ea  is  occupied  by  (uu*  unit  line  of  force 

A  current  of  unit  strength  is  sucfi  that  when  tlowing 
aroiind  an  arc  one  centimeter  hnig  on  a  circle?  of  one  cmiti- 
meter  radius,  it  exerts  a  force  of  one  dyne  on  a  unit  pole 
\)laced  at  the  center  of  the  circlm 

A  conductor  is  of  unit  resistance  when  the  Wfjrk  done  in 


DVNAMU',  KLK("1‘UIC'1-IV. 


427 


a  second  by  a  current,  of  unit  strenj^t.h  i.):issinL>-  ihrou^-li  it 
etjuals  one  erjj;'. 

'I'lie  unit  difference  of  i)ol.ential  or  elecl.m-motive  force' 
is  that,  necessary  to  impel  a  current,  of  unit  strcnif-lh  throitL>h 
unit  resistance. 

(but  (juantity  of  elee'tricity  is  lliat  conveyed  by  a  unit 
current  in  one  set'ond. 

riie  prae^tic'al  units  in  most  fre([uent  use  are  the  volt,  the 
ohm,  anti  tlu'  ampt're. 

'riie  volt  (etiual  to  10*^  absolute  units)  or  unit  measure  ol 
clectrevnujtive  foret*,  or  of  dilference  of  potential,  (s  ecjual 
approximately  to  tlu*  elect m-inotivt'  force  posst'ssed  bv  tme. 
Daniell  cell;  accuratt'ly,  it  is  o't»3  o(  the  lb  M.  i'\  ol  thisct'll. 

d'lu'  ohm  (etjual  to  to''  absolute'  units)  oi'  unit  measure  ol 
rt'sistance  is  approximatt'ly  t'tiual  to  the  resistance  of  2^0 
feet  of  coppt'r  wire'  a',,  ol  an  inch  in  tliauu'ter,  or  of  a  mile 
of  No.  (j  tt'le|4'ra()h  \v\vt\ 

'The  ampere  t  absolutt'  iudt)is  tlu'  unit  measure  ol 
current  strt'u^tli.  ll  an  electro motive  lorce  ol  oue\i)lt  be 
applied  to  st'ud  a  current  throuii;'h  a  resistance  ol  one  ohm, 
tlu' streii^’th  ol  the  current  piauluced  will  be  mie  ampc're  ; 
that  is  to  say  tlu'  streu|4'th  ol  a  current  in  amperes  varies 
tlirectlv  as  the  elect t o.-uiot i\ e  force  app'ietl  to  produta*  it. 
and  in\'c*rselv  as  the  resistance  of  tlu'  eiieidl.  This  is 
expressecl  by  the  tttrmula  known  as  ()hm‘s  law; 

!•: 

i’  -  where 

1< 

t'  is  strength  ol  cm  rent  iti  ampt'fcs, 

I’i  is  elect ro  uiotive  lori'c  in  volts, 

R  is  the  resistance  in  ohms. 

'Fhe  coidotnl)  f  j’,,  absolute  unit)  is  the  unit  ol  tpumtitv, 
and  represents  the  amount  of  electricity  conveyed  by  tme- 
ampere  ot  current  acting  hir  one  sectotuh  This  is  repre¬ 
sented  by  the  hum u la  : 

(j 

C  ■  or  (}  •—  ( V,  where. 

/ 

C  is  the  curreitt  in  amperes, 
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Q  is  llu'  (iiKUilily  t)f  c’iocl rii'ity  in  {•t)ult)nii)s, 

/  is  tlic  liiuf  in  scH-onds. 

lM)r  t'Kainplc,  if  a  I'lirrmt  of  a  slifii^th  o!  5  amperes 
flows  for  fell  st'c-onds,  tin*  anionnt  of  elecM ririt v  whicdi 
passes  dnrinjy  that  period  will  he  50  eouloinhs. 

'.Pile  farad  (  10 absolute^  units)  is  the  nu*a.sui'e  ol  eapa- 
cit\',  and  is  suc'h  that  a  eondenser  of  one  larad  td  t'aputnty 
could  ht'  I'lused  tts  the  potential  td  tnu?  vtdt  by  a  ehar|.»;e  ot 
one  coulomb  of  eU'ctrieitv,  or  in  other  words,  bv  a  eurremt 
streui^th  of  one  ampenv  aetinj^  ftir  one  sexamd. 

As  a  c'omlenser  of  the  eapaeitv  td  one  larad  would  be 
inctnivenientlv  larjufe,  the  miertdarad,  or  one-niilliouth  part 
of  a  farad,  is  the  unit  ^tmerally  used. 

Since  it.  is  fretpiently  nec-essarv  to  measure  (juantitit's 
millions  of  times  ^reattn*  tjr  It'ss  than  the'  piaetieal  units,  the 
prefix  has  been  adopted  to  re[>resent  one  inillit)!!  linu's, 
OIK' niillionl h  part,  and  w//// one  tluntsambb  part.  In 
this  wa\'  the  niejj^ohm  siij^niru's  one  million  tduus,  and  uulli« 
ampere  one  thousandth  [tart  of  an  ampere'. 

The  g’ramme-tk'ij^ree  (or  caloric)  the  (*.  S.  unit  td  heat 
is  the  amount  required  to  raise  one*  gramme  td  watc*)’  one 
decree  centiji^rade,  and  is  etjual  to  the  wttrk  td  yi  million 
€rgsor3[‘(,  foot  pounds.  ‘Plu' work  reipured  to  raise'  oiu' 
[loiind  of  water  one'  dcfi^rcc  h'ahrenheit  is  equivalent  to 
about  772  foot  pounds. 

The  heat  developed  in  a  circuit  depends  upon  the 
strength  of  the  current,  the  time  that  it  acts,  and  the  resist- 
anct;  of  the  conductor,  and  is  cadculated  by  the  followinff' 
formula,  called  Joule’s  law: 

C"'  R* 

I  j  vvherc? 

4*2 

C  is  the  current  in  amperes, 

R  is  the  resistance  in  ohms, 

/  is  the  time  iu  seconds. 

H  is  heat  in  calorics,  or  i^rammc  decrees  trentii^rade,  as 
above. 

The  joule  or  practical  unit  of  heat  is  tlie  amount  of  heat 
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fuust'd  by  a  current  of  one  aiiijjere  acting  throu^-li  a  lesisl- 
ance  of  one  oliin  in  one  st'concl,  and  the  heal,  may  bi'  t;alcu- 
hited  by  (he  fornuda: 

j  ■  (""  R,  where 
C'  is  (he  current  in  amperes, 

R  is  (he  resistance  in  ohms, 

J  is  heat  in  joules. 

The  watt  or  practical  unit  of  (he  rate  of  doin^  work  is 
eciual  to  ten  ndllion  er^\s  absolute  C\  (J.  S.  units)  per 
second,  (»r  to  the  work  productal  in  that  time  by  one  am[>ere 
of  current  of  an  electro-motive  force  of  one  volt  actin|.t^ 
through  a  resistani'c  of  one  ohm. 

'Phe  horse  power  is  the  unit  ol  rate  of  work  c'oinmonly 
used  by  enfj;int‘ers. 

An  actual  horse  power  is  etpdvaleut  to  .ypcHK)  pounds 
raised  one  loot  in  one  minute,  or  550  foot  pounds  per 
sec'ond. 

'Plu:  electrical  htu'se  power  is  etpial  to  y.\(i  watts.  Tl,e 
work  expended  in  a  circuit  in  productii);’  a  curnmt  ol  a  cer 
tain  stren|f^tb  and  of  known  electro  motive  force,  or  a.yuinst 
ii  known  resistance, can  be  calcidated  by  the  lollowin^  form¬ 
ula,  wliich,  however,  tndy  repi'esents  the  woj*k  expemded 
it!  the  circuit  itself,  and  does  not  make  allowance  lor  that 
wasted  in  the  i^'cnerator  anti  In  the  prime  motor: 

W  -  C  !•:  or  W-  -  C'*  R  or 

('  !•:  cm 

H  R  —  - . .  tsr  ~  where 

('  is  the  current  in  amperes, 

K  is  the  electro-motive  force  in  volts, 

R  is  the  resistance  in  ohms, 

W  is  the  work  in  watts, 

II  R  is  the  actual  horse  pt)wc!r* 

ARRANlIKMHNT  of  UATrKRV  CRt.LH. 

To  secure  the  |.(reateHt  etiicieney  in  a  batter}’,  the  ele¬ 
ments  must  be  urrani^ed  so  as  to  adapt  the  electro-motive 
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force  and  the  internal  nsistunccto  the  resistanc'e  ol  the  ex- 
terual  circuit.  'I'o  accoin{.lish  this  the  batteries  ai'e  eim- 
nected  uj)  in  different  ways,  so  as  to  yield  entreats  t»!  In'i^'h 
volta^'c  and  low  a!n{)era|4'e,  or  the  reverse. 

'I'o  facilitate  the  explanation  ol  the*  method  ol  eouneet- 
inj;'  batteries,  it  will  be  necessary  to  describe  the  eouveir 
tioiial  by  which  the  element  is  desig:tiated.  I’lg.  4J0 
represents  the  symbol  or  conventional  si|.pt  lor  a  single 
cell  ol  any  battery,  'riie  short,  thick  line  represents  the 
/inc‘,  and  ccniseipiently  the  negative  pole  ol 
the  batterv,  while'  the  longer,  thin  line  stands 
p  tor  the  platinum,  co[>per,  tn  earhon  plate,  and 
flu*  positive  pole.  l‘he  minus  sign  {  )  is  used 
to  designate  the  negative  poh*.  while*  the  plus 
sign  (  M  is  used  to  designate  the  ptisitive  polr. 

When  a  munher  ol  eells  arc*  eonneeted  (ogt'ther,  as 
shown  in  Fig.  421,  that  is,  with  the  ptisitivt*  pole  ol  erne  eell 
connec'ted  with  the  negative  td  the  adjoining  eell.  with  the* 
tcrmiiud  cells  comu'eted  with  the*  coiuiuctors,  the  IjattetA  is 
connected  up  in  series;  and  when  se>  coimecteel  it  ueltls  the 
highest  elcctroanotive  loree  of  which  it  in  capable ;  that  is 
to  say,  it  yields  the  electroanedive  lon*e  td  a  single  cell 
multiplied  by  the  number  td  cells  in  scTies. 

A  current  td  tins  kind  is  athqdcc!  ti»  overi'ome  high  iv- 
sistances.  If  a  .single  cell 
of  battery  has  an  elect ni- 
motive  bwee  (d  one  vtdl, 
then  12  ctdls  (jf  a  battery 
cotmccted  in  scries  woidd 
have  an  electroanotive 
force  of  12  volts.  Now,  to  secure  the  best  tdlects  with  a 
battery,  the  CKternul  resistance  through  wlilch  the  current 
must  work  should  be  etiual  tt»  the  internal  renistunce  «d  the 
battery.  In  this  case,  if  each  cell  of  batterv  has  a  resist¬ 
ance  of  5  (dims,  the  total  resistance  cd  the  battery  would 
be  60  (dims ;  therefore,  a  battery  arranged  in  this  way  is 
best  adapted  to  tin  external  circuit  hav*ing  a  resistance  ol 
60  ohms. 

As  the  current  is  eaual  to  the  electrtuinntivf*  fr.rr*#. 
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)\  th(‘  resistance  (  C'  •  I  in  this  case  the  electro-niotiv< 

\  R/ 


lorcc'  heinj^  12  volts  aiul  (he  total  resistance  of  the  circuit 


12 

beiiif^  120  oliins,  C'  o'l  ampere.  VVe 

1 20 

have*  then  a  current  with  the  strenj^tli  of  cri 
ampere,  havinj^  an  electro-motive  force  ol  12 
volts. 

Perhaps  the  diiTerence  rcsultinfi;  from  the 
methods  of  connec'tiuf^'  vip  ballt'ries  cannot  be 
better  shown  than  by  taking;'  the*  opposite* 
extreme.  I'lie  12  ('clls  ol  l)a1U‘ry  are  c'ou 
nc'cted  up  in  parallel  i-ircuit  :  tluit  is  (<i  sav.  all 
the  positivt*  poles  arc  (Connected  with  om* 
comluct(ir,  ami  all  the  nei^ativt*  poles  arc 
connected  with  another  condiu'tor,  us  shown 
in  h'i^.  422.  In  this  ctuse,  each  cell  ol  ba(t(*rv 
havini^  a  rc’sislaiua*  of  5  ohms,  the  total  resist¬ 
ance  of  the  12  c'clls  comu‘Ct,ed  in  parallel  will 
be  (»f  5  ohms,  which  is  a  little*  nuna*  than 
0*41  of  an  ohm,  and  tlu*  clec‘tro-motiv<*  force* 
of  a  battery  thus  connecteel  will  be  only  that 
<»i  a  sin|»’lc*  (tell;  tlu*n,  makini^  (he  external  resist¬ 
ance  ecjual  to  the  internal  resistance  ol  the 
battery,  the  total  resistance  ejf  the  circuit  will 
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be  5  ohms  {)cr  cell,  the  resistance  oT  one  serit's  would 
be  15  ohms,  and  that  of  four  series  connected  parallel 

would  be  —  375.  Now,  making-  the  external  resistatux* 

4 

of  the  circuit  equal  to  the  resistance  of  the  batterw  the 
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total  resistance  of  the  circuit  would  be  internal  resistance 
375  d  exteriud  resistance  375  77  ohms;  arid  bv  the 

3 

hjrniuhi  V  •-  we  will  have  -  erq  arnpe»’e. 

R  7*5 

In  Fi^.  424  the  cells  are  arranged  in  three*  parallel  series 

Fit;.  .|3.}. 


of  four  each.  The  electro-motive  force  is  4  volts,  the 
resistance  of  each  .scries  is  20  ohm.s;  this  divided  by  the 
number  of  series  -  -  6-66  ohms.  Addiu^^  the  restHtauee  of  the 
external  circuit,  which  should  be  the  same,  the  tot;d  resist¬ 
ance  of  the  circuit  would  be  1372  ohms.  The  electro-motive 
force,  which  is  4  volts,  divided  by  this  resistance  ■—  0*3  am¬ 
pere. 
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'rukc  anotlu'r  cxam})lc,  iu  which  12  cells  are  arranj^ed  in 
two  sei'ics  of  6  each.  'The  eleclro-inol.ive  (orcc  will  he  6 
volts,  the  resistance  15  ohms,  anti  if  a  similar  resistance  be 
added  in  the  external  cinndl,the  tt>t,al  resistance  will  be  30 
ohms,  and  the  current  stren^'th  will  be  O' 2  ampere. 

If,  however,  a  resistaiu'c  of  bo  ohms  be  placed  in  the  ex¬ 
ternal  circuit,  with  cells  arranged  as  in  Fig-.  425,  the  total 
resistance  of  the  circuit  then  being  75  ohms,  the  current 
() 

strength  w'ould  be  -■  •  o'oH  ampere,  which  is  much  less 

7.^ 

than  that  obtained  by  the  first  arrangement,  in  which  all  the 
cells  are  in  series.  Or  take  the  first 
example,  in  which  all  of  the  cells  arc  iu 
series,  and  make  the  external  resisttmee 
15  ohms,  instead  of  (x).  The  eurrent 
strength  would  he  o'lbamjjere,  hut  the 
extra  strength  wordd  be  attended  with 
an  undue  loss  in  the  battery. 

It  will  thus  be  seen  that  by  c.'onneel- 
ing  cells  in  series  the  liighest  electro¬ 
motive  force  is  secured,  while  cells  must 
Ire  connected  parallel  for  the  greatest  stnmgth  of  current. 
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No  one  cun  go  very  deeply  into  the  study  of  electricity 
without  reaching  the  subject  of  electrical  measurements;  cer^ 
tainly  very  little  can  be  done  in  this  direction  without  a  gal¬ 
vanometer  (jf  some  kind.  The  simple  instrument  already 
described  answers  very  well'  for  detecting  currents  and 


it. 
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poiuid  U-mii^uct,  7  iuclu's  lug'll,  formed  of  three  steel  inag- 
iicls,  onc-t];iuirter  iiu'h  llu(3v,  secured  together  and  to  the 
angle  plates  by  ludts.  'The  distance  between  the  inner  faces 
of  the  poles  of  the  magnet  is  i  ,'’5  inches,  I'wo  and  three- 
(inarter  inches  behind  the  center  of  the  magnet  a  brass  col¬ 
umn  rises  from  tlu'  base,  and  is  provided  near  its  center 
with  an  adjustable  brass  arm,  supporting  at  its  outer  end, 
and  exactly  in  the  center  of  the  spac'c  between  the  poles  of 
the  magnet,  a  hollow  soft  iron  cylinder.  2'4  inches  long, 

1 3*^  inches  in  extc'rnal  diameter,  }|  inch  in  internal  diameter, 
'fhe  top  of  this  cwlinder  is  (‘v'cii  with  the  upper  ends  of  tlu‘ 
magnet.  'I'o  the  t((p  of  the  brass  ('olunm  is  setaireil,  at  right 
angles,  an  arm  that  extends  over  the  hollow  iron  cylinder, 
and  is  provided  with  a  vertical  sleeve,  in  which  is  I’lamped 
a  rod  having  on  its  hnver  end  a  small  silver  hook,  arranged 
axially  in  line  with  the  iron  c'ylinder. 

To  a  block  attached  to  the  base,  oppositi*  tin'  center  of 
the  magnet,  is  secured  a  tapering  spring,  j\j  inch  thick  and 
3I  inches  long,  carrying  at  its  free  (nid  a  small  silver  hook, 
whicii  is  arranged  in  liin*  with  the  :»xis  of  the  iron  cylinder. 

A  ret'tangular  coil  of  No.  40  silk»('overed  copper  wire, 
kirge  enough  to  swing  freely  over  the  iron  cylinder,  is  sus¬ 
pended  by  a  hard-drawn  No.  32  (crcxiH  inch  in  diameter)  sil¬ 
ver  wire  from  tin*  hook  above,  and  is  connettled  by  a  .simi¬ 
lar  wire  with  the  hook  on  the  spring  below.  'I'lie  upper 
wire  is  2*4,  inches  long  between  its  connections,  the  lower 
one  2 'I  inches. 

The  sides  of  the  rectangular  coil  are  flat,  heitig  about  ‘h 
inch  thick  and  inch  wide.  Tlie  re.sistancre  of  liie  coil  is 
150  ohms.  The  silver  hooks  are  comieetefl  with  opposite 
ends  of  the  coil,  in  the  manner  shown  at  4  and  5,  Fig.  426^?. 
Each  hook  is  prtivitled  with  a  flat  head,  which  is  secured 
between  two  thick  plates  of  mica,  the  shank  of  the  hook 
projecting  through  a  hole  in  the  outer  mica  plate.  Each 
pair  of  mica  plates  is  secured  in  place  on  the  coil  by  a  wind¬ 
ing  of  silk,  which  is  coated  with  shellac  varnish  to  prevent 
the  plates  from  slipping.  Tlie  hooks  are  arranged  exactly 
in  the  middle  of  the  ends  of  the  coil,  so  that  when  the  coil  is 
sunoorted  in  the  tnisition  of  use  bv  the  silver  wires,  it  will 


KXI'hKI.MKXTAl.  SCIKNCK. 


oscillate  freely  between  the  poles  ol  the  nuij^'tiet  au<i  the  iron 
cylinder.  'I'lic  terminds  of  the  coil  are  soldered  to  tlu'  sil¬ 
ver  hooks.  'Ihe  upper  hook  is  matle  a  little  more  than  a  half 
inch  long-,  to  receive  a  small  concave  mirror,  as  sluiwn  at 
4,  which  is  secured  in  place  by  cement  or  wax.  'Die  mirntr 
has  a  focus  of  i  meter. 

The  relation  t)f  the  magnet,  A,  the  coil,  C,  and  the  iron 
cylinder,  B,  are  clearly  shown  at  3,  which  is  a  horii^outal 
section  taken  through  those  part.s. 

A  glass  shade  protects  the  delicate  parts  of  the.  instru™ 
ment.  The  two  binding  posts,  which  are  outside  of  the 
glass  sliade,  are  connected  under  the  base  with  the  brass 
column  and  the  spring,  so  that  the  current  passes  irom  one 


3,  Horizontal  Section  of  Magnet,  Coil,  and  Core.  4  and  5,  Deudla  of 


wire,  then  through  the  coil, 


to  a  central  j 
f  the  instrum 
iirrent  is  set 
on  at  right  ai 
e  magnet,  th 
i  normal  posi 
As  the  dffli 
of  light  refl< 
n  index,  'fhi 
£rht  beinir  tu 
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siipporU'd  al  ihc'  proper  hci^lil  hc'hiiul  tlie  seale.  throuj;-li  a 
slil  l)i‘l()\v  llu;  sc'alc  aiul  on  to  1  lie  concavt' mirror.  'I’lic  mir¬ 
ror  relleets  tlu'  beam  on  to  the  scale.  'I'lie  mark  at  the  cen¬ 
ter  of  the  sc  ab*  is  o,  and  arbitrary  mimbers,  running- upwanl 


rei^iilaii) ,  are  arranged  on  the  marks  on  opposite  sides  of  o» 
l‘he  rotnnnm  paper  Hcale  used  by  draughtHinen  answers  for 
this  purp<»sc*. 

When  tin*  coil  is  at  rest,  the  light  spot  remains  at  the 
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center  of  llie  scale,  bill  when  a  current  passes  tlinm;4h  llu- 
coil,  the  beam  moves  sti'udlly  forward  and  ^l(>ps  without 
oscillation,  the  distance  throne’ll  wdiii'h  it  moves  dcpemliu;^,, 
of  course,  on  the  strength  of  the  current.  'The  coil  is 
returned  to  its  normal  position  by  the  spring  ot  the  sll vet- 
wires. 

IJy  employing  shunts,  heavy  currents  tnav  be  ineasuretf 
with  the  aid  of  tltis  instrument.  'Fhe  sensitiveness  ot  (hiv 
galvanometer  is  so  giTut  as  to  indicate  a  current  wheat  the 
ends  of  two  No.  iH  copper  wires  eoimeeteil  with  it  are 
placed  on  opposite  sides  of  the  tongue. 

'fhe  coil  is  carefully  wound  over  a  form  ettveretl  with 
pajK'r,  each  layer  of  wire  being  varnished  with  shellac  var 
nish  as  tlie  work  of  winding  progresses.  When  the  etsil  is 
complete,  the  coil,  together  with  the  form,  is  luailed  in  a 
warm  oven  until  the  varnish  hecotnes  hard  throughout  the 
coil. 

The  concave  mirror  may  be  purchased  from  the  ttpiician, 
or  a  very  fair  mirror  may  be  made  by  cutting  a  smali  disk 
from  a  double  convex  spectacle  lens  of  ju  or  ini-h  focus, 
and  silvering  it.  A  simple  and  ijuick  way  of  silvering  a 
small  surface  consi.sts  in  scraping  from  the  buck  of  a  piece 
of  ordinary  looking  glass  all  the  silvering,  except  a  patcli  of 
the  size  of  the  mirror  to  he  silvered.  A  .small  drop  t»f  iner' 
cury  placed  on  the  patch  soon  loosens  it,  .so  that  it  may  bt* 
slid  from  the  glass  and  transferred  to  the  disk,  which  must 
be  perfectly  clean.  After  the  patch  is  in  posilitm,  a  pieet" 
of  tin  foil  is  placed  cm  the  back  of  the  disk,  pressed  down 
firmly,  and  allowed  to  remain  long  enough  to  abscu’b  all 
of  the  surplus  mercury.  It  is  then  removed,  and  tin- 
transferred  silver  will  he  found  adhering  strcmglv  to  the 
di.sk. 

The  various  dimensions  above  given  are  taken  from  an 
almost  exact  copy  of  a  I)cpreK4)’Arsonval  galvanometer 
made  by  Carpentier,  of  Paris.  The  copy  cjperates  udmir 
ably.  It  is  probable,  however,  that  a  considenihle  devia¬ 
tion  from  these  dimemsiems  ttught  he  made  without  seriously 
affecting  the  value  of  the  instrument, 
i  The  tangent  galvanometer  is  of  great  importana*  in 
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elect ricul  measurcinenls,  especially  in  the  class  relating  to 
currenis.  'I'lie  principle  of  the  instrument  is  illustraletl  by 
Fig,  42S.  In  a  narrow  coil  of  wire  is  suspended  a  short 
magnetized  needle,  whose  length  does  not  exceed  one-twelfth 
the  diameter  of  the  t'oil.  Two  light  pointers  are  ca)nnectcd 
with  the  needle  at  right  angles  thereto.  VVlieu  a  cairnnit  is 
sent  through  this  coil,  the  needle  is  delleetcd  to  the  right 
or  left,  accortling  to  the  direction  ol  the  current,  and  the 
amount  of  dencction  is  dependent  upon,  but  not  propor¬ 
tional  to,  the  strength  of  the  t'urrent.  It  is,  however,  pro¬ 
portional  to  the  tangent  of  the 
angle  of  dedeetion. 

A  prai'tical  tangent  galvano¬ 
meter  is  shown  in  Fig.  429.  In 
this  instrument  the  conductor  is 
wound  upon  a  grooved  wooden 
ring  c)  inches  in  diameter,  the 
groove  being  |  inch  wide  and  i 
inch  deep.  The  wooden  ring  is 
mounted  in  a  circular  base  piece, 
which  is  [)ivoted  to  the  lower 
base  to  admit  of  adjustment. 

The  lower  base  is  provided  with 
three  leveling  screws,  which  are 
bored  longitudinally  to  receive 
pointed  wires,  which  are  driven  i*r!»»dnlfi  c»r  Tangent 
into  the  table  to  prevent  the  Ualvnnomcwr. 
instrument  from  sliding.  The  lower  base  is  pnwideti  with 


an  angled  arm,  which  extends  over  the  upper  base  jnece, 
and  is  jirovidcd  with  a  screw  for  clamping  the  latter  wdien 
adjusted. 

'Fhe  winding  of  the  ring  is  divided  into  five  sections 
having  diderent  resistances,  so  that  by  means  of  a  plug  in¬ 
serted  in  the  switch  cm  the  base  the  resistance  may  be  made* 
o,  I,  to,  50,  or  150  ohms. 


connections  stretched  out.  1  he  hr.st  coil,  is  a  bund  of 
copper  I  inch  wide  and  inch  thick,  with  practically  no 
resistancT.  The  other  coils  are  of  wire,  The  coils,  /f  and  a. 
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exactly  at.  the  center  of  the  rin^,  and  dt'lituitely  poised  on  a 
line  hard  steel  point,  'flic  lU'etlle  should  lx*  jc'weled  to  re- 
<luce  the  friction  and  wear  to  a  ininimuin,  'I'o  tlu'  sides  ol 
tlie  needle  are  attached  indexc's  ol  alundniim  havin/j;'  Hat 
ends,  each  ol  which  is  providt'd  with  a  line  mark  represent, 
ing- tlu^  ('ent(‘r  line  of  the  index.  'I'lic  bo.x  containing  the* 
scale  and  the  necdk'  is  supported  by  a  cross-bar  attached  to 
the  wooden  ring.  'I'o  the  top  t)f  the  wooden  ring  is  attached 
a  brass  staiubard,  whicHi  is  axially  in  line  with  the  c-ompass 
needle. 

U])on  the  standard  is  mountt'd  a  bar  magnc't,  which 
may  be  adjusted  at  any  angle  or  raised  or  lowc'red.  'I'his 
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magnet  servers  as  an  artificial  meridian  when  the  galvant>- 
meter  is  used  for  ordinary  work.  When  it  is  used  us  a  ttm» 
gent  galvaiiotneter,  thc‘  magnet  is  renifjved. 

‘The  f )epreK  galvanometer  is  indepetulent  cd  the  eartlds 
inugnelisni,  but  the  tangeid  galvanometer  must  be  arranged 
with  the  coil  and  the  jieedle  in  the  magnetic  meridian,  and 
its  adjustment  must  be  such  that  a  current  whitdi  pnjtluces 
a  certain  deHectitjU  of  the  needle  in  one  direction  will,  wiicm 
reversed,  produce  a  like  deflection  in  tlie  opposite  direction. 
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!•: r j-:t Ki t : a  i .  m k as u r k m  ic nts. 

The  resistance  of  a  battery  may  l)e  ascertained  by  means 
of  the  tang’d!!  galvanometer  as  follows:  'hhe  b;i((ery  is 
connected  with  the  galvanometer,  and  the  dcllethion  of  the 
needle  is  noted;  then  a  variable  resistance  is  introduc'ed  ami 
adjusted  until  there  is  a  dellection,  the  tangent  of  the  angle 
of  which  is  equal  to  one-half  the  tangent  of  the  tingle  of  the 
finst  deflection.  The  resistance  thus  introduced  is  ecjual  to 
that  of  the  battery  and  galvanometer.  'I'tike  from  this 
quantity  the  resistance  of  the  galvanometer,  and  the  re- 
nuiindcr  will  be  the  resistance  of  the  battery.* 

For  example,  when  a  battery  placed  in  circuit  with  :i 
tangent  galvanometer  jiroduces  a  deflection  of  48  .  the  tan¬ 
gent  of  that  angle  being  rin,  half  of  this  (|uantitv  would 

O’SSS)  which  is  very  nearly  the  tangent  of  the  angle  ol 
29";  therefore,  re.sistance  is  introduced  until  llumiedlle  falls 
back  to  2cf.  Assuming  this  resi.stance  to  be  15  ohms,  and 
the  resistance  of  the  galvanometer  to  be  to  ohms,  the  gal¬ 
vanometer  resistance  deducted  from  the  resistance  intro 
duced  leaves  5  ohms,  which  is  the  resistance  of  the  batter!. 

To  measure  the  electro-motive  force  of  a  battery,  a 
standard  cell  is  necessary.  A  Daniell  or  gravity  cell,  hav- 
ing  an  K.  M.  F.  of  1-079  volts,  is  commonly  u.sed.  'Hiis  is 
connected  with  the  tangent  galvanometer,  and  the  deflection 
and  total  resistance  in  the  circuit,  which  should  be  high,  is 
noted.  The  standard  battery  is  then  removed  and  tlic  one 
to  be  measured  is  inserted  in  its  place,  and  the  resistance 
of  the  circuit  is  adjusted  until  the  deflection  of  the  gal¬ 
vanometer  needle  is  the  same  as  in  the  first  case.  It  now 
becomes  a  matter  of  .simple  proi)ortion,  which  is  asfollow.s  : 

E.  M.  F.  R  M,  F.  Total  Total 

of  standard  :  of  battery  :  :  resistance  •  re^istattets 
batter}'.  beinR  in  ftral  in  m*oud 

mo.asure'l.  case.  cmso. 

A.ssiiming  the  resistance  in  the  first  case  to  have  neen 
2,500  ohms,  and  that  in  the  second  case  2,000  ohms,  the  pr«» 
j!ortion  would  stand  thus  : 

.  ...»  Unknown 

1079  :  E.  M.  F.  ’•  2,500  :  2,000 

*  A  table  of  natural  tangents  is  given  at  thecluRt*  of  this  c  hapter. 
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or  jis  5  to  4,  'riu*  1y  M.  Id  of  the  ballt'rv  measured  is  there¬ 
fore  volt. 

A  convenient  arrangement  of  the  tanj^ent  galvanometer 
scale  is  to  have  one  side  of  the  scale  divided  into  de|^'rees, 
the  other  side  heiiifr  arraiifj^ed  accordinj^  to  the  taiif^xmt 
j.'rinciple,  so  that  the  readinj^  will  he  direct  and  reference  to 
the  table  of  tang’cnts  will  he  tivoided. 

The  simplest  method  of  measurinjj^  resistance  is  that 
known  as  the  snhstitntion  method,  in  which  the  unknown  re 
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sistancc'  and  a  i^alvanometer  are  placed  in  the  circuit  of  the 
battery.  The  tleflection  of  the  galvanometer  needle  is  noted. 
A  variable  known  resistance  is  then  substituted  for  the  un¬ 
known  resistance,  and  adjusted  until  the  deflection  is  the 
same  as  in  the  first  case,  'rhe  variable  knowm  resistance  will 
then  e(}ual  the  unknowm  resistance.  If  the  current  is  so 
^real  as  to  cause  a  defle(ttion  of  the  needle  much  ex'ceed- 
ing45  ,  it  should  he  reduced  either  by  removing’  stnne  of 
the  battery  or  by  the  introduction  of  extra  resistance  into 
the  circuit.  I’he  same  conditions  must  obtain  throughout 
the  measurement. 
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The  Wheatstone  hridi^e  presents  the  best  known  method 
of  (luickly  and  aeciirately  measuring'  n'sistanei-s.  Any  ^'al- 
vanometer  may  be  nscal  in  eonneetion  with  the-  bridi^'e. 
t.liat.  shown  in  42S  bein^  the  bt'st  lor  most  purposes. 

'Idle  l)rid‘j;'e  method  was  ori^’inallv  devised  by  Mr.  ('hristie. 
'Idle  late  Sir  Cdiarles  Wheatston('’s  name  is  attai'hed  to  the 
invention,  in  eonseifuenet*  of  his  having’  brou|4;ht  it  belt)re 
the  public  'Idu'  jirineiple  of  this  apparatus  is  illustrated 
in  Fifj^.  431.  A  current,  in  passing'  fiom  i  to  divides,  a 
part  iiassinj^  ovei*  i,  a,  2.  another  part  passitif^’  ovi’r  i.  2. 
For  every  poini  in  2  there  is  a  point  in  t,  A.  2  having- 
the  .same  i)otcutial.  If  these  two  points  of  caiual  p(ttential 
i)C  joined  by  a  conductor,  no  current  will  pass  through  the 
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■conductor.  In  the  tliagram  the;  points  ol  eejual  poltmtial 
are  marked  d,  A,  and  they  are  connected  Iw  a  eomluctoi 
ill  which  is  imserted  a  galvanometer. 

A,  B,  and  Care  known  resistames,  and  H  is  the  unknown 
resistance.  When  A  :  B  :  ;  C  :  I),  tin*  galvumtuieter 
needle  will  stand  at  o.  Idie  resistance,  t*,  is  variable,  sc* 
that  when  the  unknown  resistance,  I),  is  insertetl,  the  re.sist. 
ance,  A,  is  adjusted  until  the  needle  lulls  back  to  o. 

'Fhe  commercial  form  of  Wheatstone's  bridge  is  repre¬ 
sented  in  Fig.  432. 

In  this  instrument  a  number  o(  roils  are  suspcmdetl  fr<tm 
the  vulcanite  cover  of  the  bo.x  and  connected  with  brass 
block.s  attached  to  the  cover  in  the  rnanucr  shown  in  Fig. 
433,  which  represents  a  part  of  the  resistance  box. 

The  terminals  of  the  coils  are  conmuied  with  adjamuit 
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blockvS,  vSo  that  a  current  entering  at  A  will  pass  fntin  Ihr 
first  block  clown  through  the  first  coil,  thence  {o  the  vSccond 
block.  In  the  present  case  the  second  and  third  lilocks  are 
connected  electrically  by  a  plug  inserted  between  them,  so^ 
that  the  sec'oud  coil  is  cut  out,  the  current  taking  the  jiath 
of  least  ixsistaiux'.  'fhe  current  cam  pass  from  the  third  to 
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the  fourth  blocks  only  by  going  through  the  third  coil,  and  to 
pass  from  the  fourth  block  to  the  fifth,  the  current  must 
pass  through  the  fourth  (roil  Whenevtu*  a  j)lug  is  inserted  it 
cuts  out  the  coil  connected  with  the  bloc^ks  between  which 
the  plug  is  placed,  and  when  a  t^lug  is  removed  the  coil  at 
that  point  is  thrown  into  the  circuit,  'fhe  coils  of  Ihc 
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Diagram  of  Bridget  Cotmeciion. 

resistance  box  are  wound  double,  so  that  the  current  passe.- 
into  the  coil  in  one  direction  and  out  of  it  in  the  opposite 
direction,  thus  perfectly  neutralizing  any  magnetic  efTects. 

Fig.  434  represents  the  top  of  the  bridge  resistance  box,, 
and  the  circuits  diagnimmutically.  The  three  bnmehes 
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including  the  known  rCvSisUuice  of  the  bridge  are  eonlained 
in  the  rcsLstancc  box.  In  this  diagram  tlie  eonneelions  of 
the  battery  and  galvanometer,  as  sluiwii  in  Fig.  431,  are 
transi)()scd  for  the  sake  of  convenience  in  c'uU'ulation,  but 
the  zxsults  arc  the  same.  'Phe  resistances,  A  B,  of  lug.  431 
ai*c  each  replaced  here  by  three  coils  of  10,  100,  and 
ohms.  These  are  called  the  proportional  coils.  I'he  rest 
of  the  rcvsistance  box  constitutes  the  adjustable  resistance; 
and  -r,  connected  at  1)  and  C,  is  the  unknown  resistance. 

The  galvanometer  is  connected  at  1)  B,  and  the  battery 
at  A  C.  'Phe  value  of  the  unknown  resistance,  .r,  is  deter¬ 
mined  by  simple  proportion, 

,r :  R  :  :  .v  :  S. 

As  shown  in  Fig.  434,  the  variable  resistance  R  -  -  2163 
ohms,  .f  •  >  10  ohms,  and  S  -  »  i,cxx3ohtns,  therefortur  -  .U'Oj 
ohms. 

'Phe  value  of  the  ])rop()rtional  coils  may  be  expressed  as 
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c  (/,  of  the  lower  key  ure  inserted  in  the  ennduetor  ineliulinf^ 
the  galvanometer.  Wlum  this  key  is  depressed  it  first  stmds 
the  current  throu^’h  the  arms  of  the  bridge,  ainl  then  allows 
it  to  pass  throug'h  the  i^-ulvanometer,* 

JOINT  RHSISTANCK  OI-'  ISRANcTt  C’tUi  rt  l'S. 

The  resistance  of  a  conductor  is  directly  proporthnial  tt> 
its  length  and  inversely  proportit)nal  to  its  seetional  area, 
and  the  conductivity  of  a  wire  is  the  reciprocal  of  its  resist- 
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conductor  hUwS  alread}'  been  explained.  'I'o  find  the  joint 
rcvsislance  of  the  divided  circuit,  2,  h'i^.  436,  one  branch  hav¬ 
ing-  a  resistance  of  4  ohms,  the  other  8  ohms,  the  reciprocals 
of  these  numbers  being  respectively  and  'b,  these  added 
I,  which  is  the  joint  coiuluctivity.  I'lic  reciprocal  of  this 
is  §  <  2-66  ohms.  In  a  similar  manner  the  joint  resistance  of 

three  branches  (3,  I'ig.  436)  may  be  ascertained.  Assuming 
the  resi.stanccs  to  be  2,  5,  and  10  ohms  respectively,  the 
reciprocals  are  .i,  and  ,^3,  which  added  ('*0,  which  is  the: 
joint  conductivity,  the  reciprocal  of  this  ohms,  the 

joint  resistance. 

Tlie  joint  resistance  of  four  or  more  parallel  conductors 
is  found  in  the  same  way.  In  the  case  of  the  example 
shown  at  4,  Fig.  436,  wliere  the  resistances  art'  respectively 
100,  7S,  50,  and  25  ohms,  the  joint  resistance  is  12  ohms.* 

Electrical  measurements  are  made  in  ti  commercial  way 
by  means  of  instruments  graduated  so  as  to  be  read  tlireetiy 
in  ohms,  volts,  and  amperes. 

!•:  X  I'  A  NS  1 0  N  V( )  i;r  m  i-;t  i-:  r. f 

In  the  t)rdinury  voltmeter,  in  which  acididated  water  is 
decomposed  by  electrolysis,  and  in  which  the  strengtli  of  tin* 
curretjt  is  determined  by  the  volume  t)f  gas  accumulating  in 
a  given  time,  there  are  several  objectional)le  features  which 
prevent  it  Irom  coming  into  general  use  for  the  measure¬ 
ment  of  the  strength  of  elect rie  currents. 

In  the  fir.Ht  place,  the  electrolytic;  voltmeter  is  incapable 
of  indi(;ating  the  strength  of  the  eurrent  at  any  particular 
cnonjcnt,  uud  cannot,  therefore,  yield  anything  but  a  mean 
result.  It  offers  considerable  resistance  in  the  circuit,  its 
indications  depend  upon  the  acidity  of  the  water  and  the 
.si/.e  and  distance  apart  of  the  electrodes  ;  and  tt)  secure 
accurate  results,  the  ttanperature  and  barometric  pressure 
must  be  taken  into  consideration. 

The  voltmeter  shown  in  the  engraving,  Fig.  437,  depends 

*  Far  of  working  out  thefse  and  analogous  prublom^  the 

fradtir  is  refttrrod  tn  “The  Arithmotic  of  Kloctriciil  Measuretuonts,”  liy 
W.  R.  P.  Hobbs. 

f  Publishod  originally  In  the  Stisulijif  Ammean  of  July  a,  i8Bc 
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on  the  heatiii^^  effect  of  the  current  on  a  thin  win*  of  phu 
tiniiin  or  copper,  the  linear  i‘xpansiou  of  the  wire  |i;'ivinj^ 
the  index  more  or  less  motion,  uecordinf^  to  the  strenff'th 
of  the  current. 

This  instrument  has  one  source  of  error  to  be  eompen 
sated  for— -that  is,  the  increase  of  the  resistance  of  tht‘  wire 
vv'ith  the  increase  of  temperature.  No  account  Is  taken  of 
the  environing-  temperature  nor  of  barometric  prt'ssure,  and 
the  indication  may  be  read  at  any  moment:  ami,  moreover, 
the  increase  of  resistance  due  to  increased  temperature  may 
be  disregarded,  since  the  nonmd  resistance  of  the  wire  is 
almost  nothing. 

This  voltmeter  finds  its  principal  application  in  connec¬ 
tion  with  the  stronger  currents,  such  as  are  employed  in 
electric  lighting,  in  electro-metallurgy,  and  in  tel<‘graphv. 
It  must  be  adapted  within  certain  limits  to  the  current  u  Inch 
is  to  operate  it,  but  when  the  instrument  is  properly  prt)« 
portioned  to  its  duties,  its  incHcaitions  may  be  relied  upon. 

A  vertical  plate  of  vulcanite  supports  a  horizontal  stmh 
upon  which  are  placed  two  metal  sleeves  having  a  glass 
lining.  To  one  of  these  sleeves  is  attached  a  countcThab 
anced  arm,  carrying  at  its  upper  end  a  curved  scab*,  having 
arbitrary  graduations  determined  upon  by  actual  trial  under 
approximately  the  same  conditions  as  the  instrument  will  be 
afterward  subjected  to  in  actual  use.  The  other  sleeve  car¬ 
ries  a  light  counterbalanced  metal  index,  which  moves  in 
front  of  the  curved  scale.  Each  sleeve  is  provider!  with  a 
curved  platinum  wire  arm,  diiiping  in  mercury  contained  in 
an  iron  cup  secured  to  the  base.  Two  platinum  or  copper 
wires  arc  stretched  along  the  face  of  the  instrament,  and 
attached  at  one  end  to  hooks  passing  through  an  insulating 
post,  and  after  passing  once  around  their  respective  sleeves 
on  the  index  and  scale*  are  attached  to  spiral  springs,  which 
in  turn  arc  connected  with  wire  hooks  extending  through 
an  insulating  post  projecting  horizontally  from  the  vulcan¬ 
ite  plate.  ^ 

Under  each  wire  there  is  a  horizontal  metal  barcommuri. 
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two  mcrciirv  cups.  It  will  be  seen  that  with  this  eonstruo 
tion  the  expansion  of  the  rear  wire  will  move  tlu'  scale, 
while  the  expansion  of  the  front  wire  will  move  the  index. 
Ill  order  to  apply  the  current  to  any  recpiired  h‘U|4'th  of 
wire,  there  is  upon  each  of  the  horii^ontal  bars  a  clamp, 
which  may  be  placed  anywhere  aloufj;  the  bar  and  screwed 
up  so  as  to  clamp  both  wire  and  bar. 

Usually  the  current  to  be  measured  will  pass  from  the 
battery  or  machine  to  one  of  the  binding  posts,  thence  to 
the  forward  horizontal  bar,  thence  throug'h  the  expansion, 
wire  connected  with  the  index,  throu|^h  the  sleeve  of  the 

y 


respective  wires,  and  that  the  atmospheric  temperature 
affects  both  alike.  This  bein|^  true,  it  is  unnecessary  to  take 


a  moderate  current,  a  No.  36  platinum  wire,  almut  the 
length  of  that  shown  in  the  engravinif,  answers  a  good 
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once  anmncl  the  vSlecvCvS  and  atlachcd  to  the  springs. 
This  instrument,  placed  directly  in  the  circuit  of  a  dyiia- 
ino-elet'tric:  machine,  or  in  a  shunt,  will  indicate  the  amount 
of  current  passiufj;.  When  it  is  desired  to  c:ompare  two 
currents,  the  expansion  wire  of  the  index  is  placed  in  one 
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eating  the  strength  of  the  currenl  '.vheii  its  coil  is  ineluck'd  iit 
an  electrical  circuit.  'Fhe  horizontal  metallic  platt*.  mountetl 
on  the  columns,  is  concavctl  in  the  middle  and  sujiports 
a  wSpring  steel  diaphragm  that  is  held  in  place  by  the  iron 
cap  secured  to  the  plate  by  several  screws,  so  us  to  damp 
the  diaphragm  tightly. 

The  cap  is  chambered  out  to  receive  mercury,  and  has 
a  stuffing  box  for  holding  a  glass  tube  of  small  caliber.  A 
vulcanite  screw  in  the  cap  serves  to  bring  the  meic'ury  in 
the  tube  to  zero  before  taking  a  reading,  tluis  avoiding  vari¬ 
ations  by  the  expansion  of  the  mercury.  Tlie  graduations 
on  the  scale  at  the  sick?  of  tlie  tube,  whicdi  are  empirical, 
represent  the  amperes  of  the  current  passing  througfi  the 
coil.  A  short  rod  is  attat'hed  to  the  middle  of  the  dia¬ 
phragm,  and  projects  downward  thnnigh  a  hole  in  the  base 
plate  to  receive  a  soft  iron  cylindrieal  armature  or  core 
which  extends  into  the  coil. 

The  diameter  of  the  diaphragm  is  2  indies;  the  caliber 
of  the  glass  tube,  0*03  inch  ;  a  very  slight  motion  of  the  dia¬ 
phragm  is  indicated  by  a  considerable  movement  of  tliemer- 
cury  in  the  tube. 

This  instrument,  placed  anywhere  in  the  main  eireuit, 
will  indicate  the  strength  of  the  current.  An  increase  in 
the  strength  of  the  current  results  in  the  drawing  of  the 
iron  core  into  the  coil,  and  a  consequent  ilefletttion  of  the 
diaphragm  and  downward  movement  of  the  mereury  eol- 
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a  ilisruplivc  spark  from  an  iiuluclion  c'oil  is  utilized 
for  making  the  record.  I'lie  indicating  parts  are  made  and 


Recording  Voltmeter. 
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1  he  inner  member  s\vinij;'in|ji'  in  ihe  eentral  npeniii"'  in  the 
lu'lixes  in  llie  usual  way,  the  eiitc'r  ineuiber  l)ein^-  ItseaUal 
behind  tlie  helixes.  Flie  arbor  support inj^'  the  needle  has 
very  delic'ate  pivots,  and  carries  a  lon^and  very  lii;ht  aluin- 
inum  index,  which  is  c'oiintt'rj>oised  so  that  it  assumes  a  ver¬ 
tical  position  when  no  current  passes  through  tlu*  helixes. 
The  needle  is  unafTeeted  by  terrestrial  magnet  ism. 

'Fhe  uppt'r  end  of  the  index  swings  in  froth  ol  a  gradu¬ 
ated  st'ale,  and  is  prolonged  .so  as  to  reach  to  thc^  middle  of 
the  cylinder,  carrying  a  sheet  jjf  paper  upon  which  the 
movements  of  the  needle  are  to  hi'  reeorded.  'rids  twHuder 
is  of  bruvss,  and  its  journals  are  supported  by  metal  eoliintns 
projecting  from  the  base  tiptm  which  the  other  parts  of  the 
instrument  arc  mounted.  The  scale  issupportcal  by  videan- 
ite  studvS  projecting  from  tiie  columns,  and  tt>  one  of  the* 
columns  is  attached  a  clock  movement  provided  with  thrt'e 
sets  of  vSpiir  whetds,  by  either  of  which  it  may  be  connected 
with  the  arbor  of  the  cylinder.  One.  pair  of  wheels  e«»n- 
ncct  the  minute  hand  arbor  of  the  clock  with  the  cylin¬ 
der,  revolving  the  cylinder  once  an  lumr*.  another  pair  of 
wheels  connect  the  hour  hand  luecluudsm  with  the  endinder. 


the  line  of  perforations  as  thin  as  possible,  the  end  of  the 
index  is  made  sharp  and  bent  inward  toward  the  cylinder. 
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'The  spur  wliccls  arc  placed  loosely  on  the  arbor  of  the 
cA'liudc'r,  and  llu‘  boss  ol  each  is  provided  with  a  set  sci'cw 
by  nu'aiis  of  whii'h  it  may  be  fixed  to  the.  arbor.  This 
arrau^'ement  admits  of  ^'iviiiij;-  to  the  cylinder  either  of  the 
speeds,  as  may  bt*  reipiired. 

'riie  i>aper  upon  which  the  record  is  to  be  made  is 
divided  in  one  direction  to  reiirescnt  volts,  and  in  the  other 
into  hours  and  minutes.  The  hour  and  minute  lines  arc 
curved  to  coiiuude  with  the  path  ol  the  end  of  the  index. 

These,  records  may  be  duplicated  by  usiuf^  the  sheet  as 
a  stencil  and  employing  the  method  of  printing  used  in  con¬ 
nection  witli  perforating  pens.  When  the  tests  are  of  long 
duration,  the  action  of  the.  induction  coil  is  rendered  inter¬ 
mittent  by  an  automatic  switc:h  connected  with  the  clock, 

KI.ECTRO-MAONKTH. 

A  body  of  iron  with  aninsulated  conductor  wrapped  one 
•or  more  times  around  it  constitutes  an  electro-magnet.  The 
[lower  of  an  electro-magnet  depends  upon  the  form,  size  and 
tpudity  of  its  iron  core,  upon  the  number  of  turns  the  con¬ 
ductor  makes  around  the  core,  and  iqion  the  current  passing 
through  the  conductor.  The  number  of  amperes  flowdng 
through  the  wire  of  a  magnet,  multijilied  by  the  number  of 
turns  the  wire  makes  around  the  ctirc  of  the  magnet,  gives 
the  number  of  ampere  turns ;  one  ampere  flowing  ten  times 
around  is  equal  to  ten  amperes  flowing  once  around. 
Two  amfiereB  flowing  five  times  around  is  the  equivalent 
of  either  of  the  foregoing. 

The  magnetizing  power  of  the  circulating  current  Is  pro< 
portitmal  to  the  number  of  ampere  turns.  The  magnetism 
produced  in  the  iron  core  is  not  always  proportional  to 
the  anqierc  turns,  as  the  current  produces  comparatively 
little  effect  when  the  magnet  core  approaches  saturation. 

The  battery  must  be  [iroportionedto  the  resistance  of  the 
mairnet  to  secure  the  best  results  *.  or.  if  the  mairnet  is  ar. 


It  is  well  adapted  for  experimental  work.  With  a  current 
from  six  medium  sized  bichromate  buttery  (‘ells  it  is  capable 
of  sustaining  about  one  thousand  poiuuls.  It  is  provided 
with  a  switch,  so  that  it  may  readily  be  adapted  to  a  light 
or  a  heavy  current  by  combining  the  several  coils  in  scries 
or  in  parallel.  It  is  made  separable,  to  permit  t)f  using  the 
coils  detached  from  the  core. 


Altlu)iif>;h  IhivS  is  the  (luickest:  way  to  wind  the  magnet, 
it  is  not  the  l)est  way,  as  the  inner  end  of  the  coil  is  liable 
to  be  broken  off,  when  the  entire  cu)il  must  be  rewound  to 
secure  a  new  eonneetion  with  the  inner  end.  'hhe  correct 
way  to  wind  the  wire  is  to  take  a  suHicient  length  and  wind 
it  Irom  opposite  ends  on  two  l)ol)l)ius.  Wind  tlie  wire  once 
over  the  spool  from  one  of  the  bobbins,  then  wind  from  the 
ends  of  the  coil  thus  formed  toward  the.  middle,  first  with  wire 
from  one  bobbin,  then  from  the  other  bobbin,  then  wind 
from  the  middle  back  each  way  toward  the  ends  in  the  wSame 
way,  then  afi;'aiti  toward  the  teenier,  and  so  on.  Jiy  this 
metlnxl  both  terminals  of  the  luiil  are  made,  to  come  out 
on  the  outer  layer. 

I'Ui.  .1-0 . 


Mitgiu't  and  Switch, 


At  I,  shown  the  completed  magnet  and  its  arm¬ 

ature.  2  is  a  detail  view  of  the  spool.  3  shows  the  cores 
and  yoke,  both  in  persjiectivc  and  section,  the  sectional 
view  exhibiting  the  method  tif  fastening  the  cores  to  the 
yoke  by  means  of  screw.s.  4  (Fig.  441)  shows  the  magnet 
mounted  on  a  wtxxlen  base  provided  with  a  plug  switch  for 
ctmnecting  the  coils  in  parallel  or  in  series.  5  is  an  enlarged 
view  of  the  switch,  and  6  shows  one  of  the  plugs  by  which 
the  conuections  are  nuule. 

The  .switch  is  formed  of  brass  blocks,  b,  r,  r,/,  /*, 

arranged  in  two  .series^  as  shown  at  $  44i)' 

blocks,  a,  k,  are  provided  with  binding  posts  for  receiving 
the  battery  wires.  The  blocks  are  provided  with  semicir¬ 
cular  notches  forming  the  plug  holes,  1,2,  3,  4,  5,  6,  7,  8,  p. 
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The  block,  a,  is  coiiiRH^lc’d  wilh  the  Iowct  tt'rniiual  ot 
the  lower  left  hand  coil,  and  the  block,  is  connected  with 
the  upper  terminal  of  the  same  coil.  'Plu'  block,  A,  is  coin 
nected  wilh  the  lower  terminal  (jf  the  upper  left  hand  coil, 
and  the  block,  J\  is  connec'ted  with  ihe  upper  ttn'ininal  of 
the  vSame  coil.  The  block,  //,  is  connected  with  the  lower 
terminal  of  the  lower  rif^ht  hand  croil,  and  the  blt>ek,  <■/,  is 
connected  with  the  n[)per  terminal  of  the  sanu*  (“oil.  'Phe 
block,  A’’,  is  cottnccted  with  the  hnver  terminal  of  the  uppen* 
right  hand  coil,  and  the  block,  c,  is  connected  with  the 
upper  terminal  of  thi‘  same  coil. 

When  the  holes,  i,  2,  and  3,  are  plugged,  the  imrrent 
goes  in  series  through  all  the  cauls.  Bj  plugging  the  hole's, 
4,  7,  2,  6,  and  9,  the  current  goes  through  the  coils  two  in 
parallel  and  two  in  series,  reducing  the  resistance  to  a  tiuarter 
of  the  original  amount,  by  halving  the  length  and  doublitig 
the  sectional  area.  By  plugging  the  holes,  4,  5,  ami  7,  H, 
9,  the  current  goes  through  all  the  coils  in  parallc‘1,  and  tin* 
resistance  is  reduced  tt»  ,'g  the  original  amount,  by  reduc- 
ing  the  length  to  and  increasing  the  setttional  area  four 
times. 

The  polar  extremities  of  the  magnet  are  drilled  axially 
and  tapped  to  receive  screws  by  wliicli  are  attached  exten¬ 
sion  pieces  for  diamagnetic  experiments. 

To  retain  the  spools  on  the  cores  when  the  magnet  is  in 
an  inverted  position,  a  thin  brass  collar  is  sennved  tm  the 
end  of  each  core.  The  armature  is  pnwidetl  with  a  hotik 
for  receiving  a  rope  or  cluiin,  and  the  yoke  has  a  tlinxided 
hole  at  the  center  for  receiving  the  eye  for  suspending  the 
magnet. 

Although  this  magnet  is  very  complete  and  desirable*,  a 


The  core  of  this  magnet  is  made  of  twenty  thicknesses 
of  ordinary  one  inch  hoop  iron,  about  A  inch  thick,  thus 
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'riie  pieces  of  hoop  iron  are  readily  bent  and  fitted  one 
over  (he  otlun”  in  succession,  llu'  inner  one  bcin^  filled  lo 
and  suiiported  by  a  reclan^^ular  wooden  block.  When  ihe 
core  has  reached  the  repaired  thickness,  the  layers  of  which 
it  is  formed  are  fastened  log'cther  by  means  of  iron  rivets 
passing  througii  holes  traversing  the  entire  series  of  iron 
strips  near  the  ends  of  the  core.  If  it  is  inconvenient  to 
secure  the  layers  in  tliis  way,  they  may  be  wrajiiied  from 
the  extremities  down  to  the  au|^lcs  with  very  strong  carpet 
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Tlie  extremities,  (f  a,  of  the  core  are  tiled  otT  situarcly. 
Tlie  yokt^  is  clamped  to  the  base,  d,  by  tlic  clip,  r,  made  of 
hoop  ir<jn  or  of  wood. 

I'o  the  arms,  a  arc  fitted  the  coils,  //  whicli  are 
formed  hy  the  aid  of  the  device  shown  in  Fig.  44.3.  This 
consists  of  two  wedge-shaped  wooden  bars,  A  B,  which  to¬ 
gether  form  a  bar  a  little  larger  than  the  et>rc  of  the  magnet, 
and  two  mortised  heads,  C  1),  fitted  to  the  bar  with  a  space 
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of  4|  inches  between  them.  The  heatl,  1),  is  jjrt»\idecl  with 
a  screw  for  c‘lani|iin^  the  wecli^e  bars,  A  Ib  and  with  an 
aperture,  a,  for  the  inner  (*nd  of  the  wire.  The  heads  are 
lined  with  thick  paper,  and  tlie  bur  between  the*  heatls  is 
covered  with  a  single  tliickness,  h,  of  heavy  paper. 

The  winding  is  begun  by  passing  the  end  «»i  the  wirt; 
(No.  i6  copper  cotton-covered  magnet  wire)  through  the 
apei'ture,  f?,  allowing  it  to  project  about  tfiree  imiu's,  tlien 
winding  the  wire  evenly  over  the  bar  from  one  end  toward 
the  other  until  the  head,  C,  is  readied.  Ileforc  the  .second 
layer  of  wire  is  \vound,  the  first  one  is  brushed  .ovc'r  with 

Fu:.  4-1  ,c 
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thin  glue.  I'he  second  layer  i.s  then  woiiml,  slarthig  from  the 
head,  C,  and  winding  in  the  same  direction  towuni  the*  Itead, 
D,  and  when  the  second  layer  is  complete  It  is  brushetl  over 
with  the  glue,  after  whidi  tfic  thirtl  layer  Is  %vound  atid 
glued,  and  so  on,  laying  the  wire  tju  like  thread  on  a  s|mm)1 
until  six  or  eight  layers  have  been  applied. 

To  prevent  the  destruction  c»f  the  ccul  by  the  h»o»t*tting 
of  the  ends  of  the  wire,  a  loop  of  tape  slioukl  be  placed  on 


F. X I > F R I M F, X 'r A L  SCI F N C F. 


4C)4 


FXl'FRIMFN  IS  WITH  THF  Fl.KCTUC-MACXFT. 

To  the  poles  of  the  mai^net  sliould  be  littetl  two  short 
iron  bars  having'  t'onit;al  ends.  I'liese  bats  will  need  no 
special  fastening,  as  the  at t faction  of  the  inugtiet  will  htdd 
them  in  place. 

In  Fig,  .144  is  shown  a  sintple  way  of  repnalucing  Fou- 
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Most  experiments  in  dinmaf^nctism  may  be  performed 
with  this  ma|,!;net.  Short  bars  of  various  metals  may  be  sus-< 
pended,  by  means  of  a  silk  liber,  between  the  poles.  Iron, 
niekel,  ccsbalt,  mang'anese,  etc.,  will  arrange  themselves  in 
line,  with  the  poles,  while  bismuth,  antimony,  and  several 
other  metals  will  arrani^e  themselves  aero.ss  the  line  of  the 
poles.  The.  former  arc  known  as  paramagnetic  bodies,  the 
hitter  as  diamagnetic. 

Li(][uids  placed  in  a  watch  glass,  as  shown  in  Fig.  446, 
exhibit  paramagnetic  or  tliamagnelic  properties:  by  piling 
up  at  tlie  center  of  the  gla.s.s,  as  shown  in  the  engraving,  if 
paramagnetic,  or  by  piling  up  on  opposite  sides  of  the  cen¬ 
ter,  if  diamagnetic. 

iiic  coils  of  this  magnet,  being  nanovalile,  may  be  used 
in  magnetizing  steel  bars,  and  for  other  pur^ioscs  recpiiring 
the  coils  only. 

'riscrc  are  about  three  pounds  of  wire  in  each  coil  of  the 
magnet. 

KXI»KR1MKNT.S  II.LU.STRATINO  THE  PRINtTI’I.R  OF  THE 

DYNAMO. 

The  great  development  of  electricity  in  recent  years, 
especially  in  the  line  of  clectiic  illumination,  has  served  to 
add  lu.ster  to  the  name  of  the  immortal  Faraday,  and  to 
show  with  what  wonderful  completeness  he  exhausted  the 
subject  of  magnebvelectric  induction. 

Since  the  dose  of  his  investigation.s  no  new  principles 
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knows  that  a  hanlcactl  stt'of  l)ar  suiatuiutliHl  iiy  a  coil  of 
wire  which  is  traversed  by  an  electric  current  iH'ctunes  per¬ 
manently  mag-net  ic.  1 1  is  perliapH  unnecessary  to  reiterate 


iutw.  447  \Nn  44^ 


M(ignfti/.aUuii  uf  Stcrl  Bar  M.tgurlu  h!ri;t{it.:  Ifulucnurs. 


the  accepted  tlietsrieH  t»f  this  action,  as  they  arc*  wtdl  estatr 
Hshed  and  appear  in  almost  e  very  lc*\t  hook  of  physic's. 

The  fundunsciital  mugncto-clectrlcal  experiment  ot  I*'ur» 
aday  was  exactly  the  reverse  of  the  operation  of  prcKlueing 
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ily.  hi  llu'  inst'.uuH'  ilu'  iiuij^'iK'tixc'tl  bar  is 

iiKuli;  h)  ^-caK'nilf  an  nlt'ct  ric  currtaii.  hi  the  wirn  of  the 
coil.  Ill  (lit*  lira!  instance  tlu^  ciUTiaii,  iiio\'injy  in  the  Avirc^ 
of  tlu'  coil  iiuliuH'd  nia^nuiism  in  the  stcc'i.  In  the  sei'oiul 
instance  the  nioviaiunit  of  the  ina^niet.iziHl  steed  within  the 
coil  iiuhiced  a  cnirrent  in  tlie  wire. 

'I'lu'  nndhod  of  ma^netiziiifr  a  bar  of  steel  is  cdearly 
shown  in  447,  in  which  a  is  a  helix  of  six  or  luj^dit  olims 
resistaiKH',  b  the  bar  of  hardental  steel,  and  c  a  battery  of 
four  or  live  ekanents.  A  key  is  jilacuxl  in  the  cinaiit,  hut 
the  ends  of  the  wires  may  be  made  to  sea'vetlu'  same  purpose. 


Fici  45U, 


Intlurtnl  C'urrrnt  rr»m  Induced  Magnetiim. 

By  clo.sini^  and  openini^  the  circuit  while  the  steel  bar  is  within 
the  c*oil,  as  shown,  the  bar  beenmes  instantly  magnetic. 
When  the  cnil  is  disconnected  from  the  battery  and  con- 
aceted  witli  a  galvanometer,  c/,  as  shown  in  Fig.  448,  and  the 
magnet,  /^  is  .suddenly  inserted  in  the  coil,  the  needle  of  the 
galvanometer  will  he  dcfleeted;  Imt  the  action  is  only 
momenturv.  The  needle  redurns  immediately  to  the  point 


the  i-oil  the  needle  is  deflected  for  an  instant,  but  in  the  op 


t 
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practically  contimmus,  aiul  ii  tltfv  c.ui  I 
pulsations  of  tin*  suiu*  luuuc  will  alwuv 

(lilVC-liuu,  ll.< 


Simple  (mmmt  tiSencntUH. 


I  il  thf  V  call  lio  titiirctcd  so  that, 
ic  will  always  llnw  iu  the  same 
(lirec'tioa,  tlu‘  t  utJcait  thus  prt)- 
ducecl  may  be  utili/ed. 

Ikdore  proeeedini^  f  u  r  t  li  e  r 
with  the*  eonsitlerathm  oif  ma|^- 
uettwlectric  imhuiitm.  it  will  he 
iiet'CHsary  briefly  to  cjcamine  the 
suhjecd  of  magnetic  indiu'tunp 
as  it  is  intimatel)  eonuected  with 
tlu*  actitm  of  the  dymmio,  Iu 
Fig.  44«jf  is  ilhistratetl  the  usual 
experiment  exhibiting  this  phe- 
mmienou.  The  edeetn^anagnet  is 
eonneetetl  with  a  suitabh'  battery 
and  a  liar  of  soft  iron  is  held  near 
but  not  in  t'ontaet  with  tme*  of 
the  poles  of  the  magiuH.  It  be* 
taimes  magnetit;  by  imliu'tion,  the 
end  nearest  the  tnagnet  being  of 
a  ttarne  different  fnirn  tliat  of  the 


magnetic  induction  to  magneto 


experiment  illustrated  iu  Fig.  450.  In 
this  case  two  electro-magnets  are  arrungetl 
with  their  poles  neareaclj  other  or  in  eon- 
tact.  One  of  them  is  connected  with  a 
galvanometer,  and  the  other  with  a  bat- 
tery.  When  the  circuit  of  the  upper 
magnet  is  closed,  the  core  of  that  magnet 
becomes  magnetic,  the  core  of  the  lower* 
magnet  becomes  magnetic  by  induction, 
and  the  galvanometer  needle  is  deflected. 
When  the  circuit  of  the  upper  magnet  Is 
broken,  the  galvanometer  needle  is  deflected 
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aK  in  the  expeihiuent.  illustrated  by  h'isj;.  448.  1 11  this  ease 

no  nieeluinic'al  nn»vc‘uient  is  ueeessarv,  as  the.  nui^iietism  is 
int rodiux'd  into  (he*  coils  of  llu'  lower  lua^iud  by  iiidiictioii. 
It  is  thus  shown  that,  it  is  not  nec'c'ssary  to  move  any  matter 
in  the  neiij^hborhood  of  a  nuifj;'m'l  to  secure  magneto-electric 
induc'tion.  In  h‘ig.  45  i  is  shown  an  arrangement  of  electro¬ 
magnets  in  which  one  is  jiKcal,  while  the  other  can  be 
revolved.  It  is  a  device  intended  simj)ly  for  showing  how 
two  ordinary  elec'tro-magnefs  may  be  utilized  to  advantage 
in  experiments  in  induction. 

'ro  the  [lolar  extremities  of  tlu'  llxed  magiub,  is  fitted  a 
wooden  t'ross  bar,  having  in  its  cxaiter  an  a[)erture  for  rt'- 
ct'iving  the  vtn’tical  spindle,  the  lower  end  of  which  is  jour¬ 
naled  in  the  clamp  that  holds  the  lixed  magiu't  to  the  base. 
The  upper  eiul  ol  the  spindle  is  provided  with  a  3'oke  for 
lu)lding  the  movable  magnet.  The  cro.ss  bar  which  (damps 
the  magnet  in  tlu'  yoke  is  head  in  phu'c  by  two  sc'rews,  as 
shown  in  h'lg.  453,  and  to  the  center  of  the  cross  bar  is 
altatdu'd  a  wooden  cylinder,  r,  axially  in  line,  with  the*  spin¬ 
dle.  'I‘o  the  wooden  cylinder  Jire  .secured  two  curved  brass 
plates  which  are  connc‘cled  elect ric'ally  with  the  terminals 
of  tin*  coils,  a  a,  ol  tlu*  movable  magnet,  one  })late  to  eacli 
coil,  d'wo  strips  of  coppeg.g  held  upon  opposite,  sides 
of  the  cylinder,  complete  the  (xmimutator.  'I’he.  copper 
strips  are  c(mnected  with  any  dc’vice  capable  of  indicat¬ 
ing  a  current  in  tlie  present  case  tin  electric  bcdl  -and  the 
coils,  ti  (i\  of  the  lixed  magnet  are  t'onneeted  with  the  bat¬ 
tery,  r. 

By  turning  tin*  uf’per  mugnt‘l,  tlie  folltjwing  |ihenomena 
will  be  observml :  i.  Wdicn,  by  turning  the  movable 
magnet,  its  p«»lcH  an?  pidled  away  fnmi  the  fixed  magnet, 
the  departure  of  the  indueed  magnetism  from  the  core  of 
tlie  movable  magnet  produces  an  electric  pulsation  in  the 
coil  whi(di  operates  the  (dectric  bell.  When,  by  a  contin¬ 
ued  movement  of  tin*  magnet  in  the  satm?  direction,  the 
poles  exenange  position,  anotlier  electrical  inpmlse  will  be 
induced  by  the  remagnetization  of  the  movable  core,  and 
the  hell  will  hr  again  operated,  i.  By  examining  thc.se  im¬ 
pulses  by  means  a  galvanometer  introduced  into  the 
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circuit,  it  will  be  found  that  they  are  of  tlie  same  name. 
3.  When  the  maf>'net  is  turned  a  little  faster,  these  two  im» 
pulses  will  blend  into  one,  so  that  for  each  half  (jf  the  rev- 
olution  of  the  niai^net  the  bell  )'ields  but  one  stroke.  4.  By 
whirling  the  maj»-net  epute  rapidly,  tl\e  tnirrcnt  throu|^h  the 
bell  magnet  is  made  practically  continuous,  so  that  the.  bell 
armature  is  drawn  forward  toward  the  rna|jfnet  and  lield 
there. 

From  what  has  been  said,  it  will  be  seen  that  all  of  tht? 
positive  electrical  impul.ses  are  j»:enerated  upon  one  side  of 

tlie  poles  of  the  fixed  maf^net,  and 
all  the  ne^jative  impulses  are 
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'riic  fifty  cent  toy  clectm-uiotor  is  shown  in  the  annexed 
en^'ravin^.  It  cnibotlies  (he  nuiin  features  of  the  a[)paratus 
shown  in  Fig'.454,  differiiijjf  only  in  haviufj^  a  pennanent  fixed 
magnet  instead  of  an  elect  ro-ina^nel. 

The  vertical  spindle  which  carries  the  annatiire  is  jour¬ 
naled  at  the  lower  end  in  the  middle  of  a  U-majji-net  and  at 
tlu'  upper  end  in  a  brass  cross  piece  attached  to  the  poles  of 
the  inag’uct.  The.  armature  consists  of  a  cross  arm  of  soft 
iron  wound  with  four  or  five  layers  of  fine  wire.  The  ter¬ 
minals  of  the  winding  of  the  armature  are  connected  with  a 
two-part  commutator  carried  by  the  spindle,  and  touched  by 
two  commutator  springs  sup[)orted  Iry  wires  driven  hUo  the 
base.  A  metal  stud,  risini^’ from  the  base,  is  connected  with 

Eic.  .155. 


Fifty  f'dtU  Kltjciri«  Mottir. 


one  of  the  commutator  sprinf^H,  ami  i.s  provided  with  an 
insulatin|>^  covering'  f)n  its  sides,  while  its  upper  end  is  bare. 
Upon  the  stud  is  placed  an  annular  cell  of  carbon,  which  is 
touched  on  its  outer  surface  by  a  sprini^*  connected  with  the 
remaining  commutator  spring.  The  cell  forms  otic  of  the 
elements  of  the  battery.  The  other  element  consists  of  a 
bar  of  ssinc  provided  witli  a  central  aperture  for  receiving 
thtt  upper  end  of  the  stud,  and  having  its  emls  bent  down¬ 
ward.  The  cell  is  filled  wuh  a  solution  of  bisulphatc  ol 
mercury  in  water.  As  tiie  salt  Is  reduced  by  chemical 
action,  a  current  is  pniduced  which  will  run  the  motcir  at  a 
high  rate  of  spetal.  The  motor  Is  fitted  with  a  wheel  or 
olate  for  carrvinir  color  disks,  similar  to  those  accomoanv. 
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EXPERIMKNTS  II.LUHTRATIXC  TIIK  PRIN/IPI.K  oF  rilK 

DYNAMO. 

After  notidu}^  the  ciTect  of  pluu^nu|4:  a  magnet  into  a 
coil  of  wire,  it  is  not  very  cliflicult,  in  tlie  of  prescnit 

clcctricul  knowlcdf^e,  to  understaiul  how  tlie  proec'ss  (jf 
induction  is  carried  on  in  a  continuous  way  in  tlie  armature 
of  a  dynamo. 

The  simplest  form  of  armature  f(jr  illustrating'  this  point 
is  undoubtedly  that  known  as  the  (yrammi*  riiu»’  armature. 
It  is  perhaps  unnecessary  t(»  i^'o  into  the  tlettuls  of  the 
construction  of  the  (Iramme  rini^:,  as  commonly  used  in 

Flti.  4^f*. 
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dynamos.  A  very  crude,  ring  answers  the  present  purjiosc^ 
Its  core  is  formed  of  a  compact  circular  c:oil  of  soft  iron 
wire,  which,  in  cross  section,  may  l)e  circular  r»r  of  any 
other  form.  The  core  is  wu'upptal  with  tape  and  varnished 
to  insure  insulation. 

Around  this  iron  rin^  or  core  is  wound  an  insulutcal 
copper  wire,  arran|^ed  in  a  spiral  ca>il,yi  like  the  winding  id 
an  ordinary  electro-magnet.  The  emls  of  the*  copper  wind 
ing  are  joined  by  soldering,  thus  forming  a  dosed  coil,  'Fhe 
ring  is  mounted  u[){m  a  circular  wooden  .support  attached 
to  a  spindle,  so  that  the  armature  may  he  revolved  in  front 
of  the  Doles  of  a  nuurnet.  a  a  .  as  shown  in  Fitr.  acb.  In  the 
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w'ooclcn  support,  in  a  fiirk*  cnnccntrit;  with  and  near  the 
spiiulle,  an*  inst'rtc'd  six  or  eij^iil  wire  nails,  r',  arrant^cd  at 
etpiidislanl  points.  'The  copper  windinj;'  of  the  rin<j^  isspaced 
oti  into  as  tnanv  S('et ions  as  there:  are  nails  in  the  circular 
row,  and  at  tlu*  end  ol  each  section  the  insulation  ol  the 
copper  wire  is  removed  a  short  distance,  and  a  wire,  /,  is 
attat;hed  bv  solderini^'.  'riiese  attached  wires  arc  each  com 
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necttal  with  one  of  tin*  wire  nails. 

Ntnv,  all  that  remains  to  complett; 
the  Cirannne  dynamo  or  motor  is 
the  application  of  two  conductors, 

A’  .4'  I  1“  lilt'  circular  niw  of  wire 
nails,  asslunvn  in  I'‘i_^;s.  4,57 and  458. 

'riiis  <lynanio  has  all  of  the 
essential  features  ol  the  rc'^ular 
machine  the  lieki  mai^net,  the 
iron  armature  core,  the  conductor 
wouml  upon  the  core,  the  com¬ 
mutator  c'vlindc'r  foiaued  of  the 
wire  nails,  and  the  brushes  consist- 
11114  'll  wires  held  on  opposite  sides  of  the.  commutator 
i'\  lindei*. 


t)tnuil»  t)l‘  AriuiUvuf, 


'rids  dynamo  is  constructed  for  illustration  only,  and  not 
lor  practical  use.  It  wdll  genet  ate  a  current,  and  may  be 
driven  as  a  motor  by  a  current,  but  of  eoursc  not  with  the 
Htuut'  advantage  a.s  a  more  complete  inachinct 

In  investtgating  the  phenomena  of  the  armature,  it  is  well 
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to  begin  with  the  simplest 
ol  magnetic  induction.  When  a 
bar  of  soft  iron  is  held  before  the 
poles  of  a  magnet,  as  shown  in 
Fig.  459,  it  becomes  itself  a  tnag- 
nrl.  *rhe  magnetism  developed  in 


Mnunrik;  Indu«'*iUa». 

the  bar  bv  the  action  of  th.e  magnet  is  opposite  that  of  the 
magnet,  lliat  is,  the  magnetism  developed  in  the  end  oi^ 
the  bar  opposite  the  N  ptile  of  the  magnet  is  S,  and,  simi¬ 
larly,  thc‘  magnetism  clevelopcd  in  the  end  of  the  bar 
oooosite  thc‘  S  nole  is  N.  The  center  of  the  iron  bar  is 
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connt'ctions  hcin^'  itllc.  lu  456  two  circuits  arc  vsliown 
in  coimcciion  witii  the  machine — one  in  full  lines,  the  other 
partly  in  dotted  line's,  both  connected  wdlh  the  battery,  i\ 
Wiien  tile  circuit  represt'uted  in  lull  lines  only  is  employed, 
tlu'  machine  runs  as  a  motor.  When  the  wires  shown  by 
lull  lines  arc  disconnected  from  the  l)rushes,,£,'*^£^'*',  t  he  rotation 
of  the  armature  in  the  lieUl  of  the  mai’^net,  a  a',  produces  a 
current  in  tlu*  manner  already  indicated,  and  this  current 
is  taken  from  tlie  armature  by  the  way  of  the  wires,  /,  the 
nails,  i'\  and  the  brushes,  ,4'- 

I  Ids  maclunc  when  used  as  a  generator  is  strictly  a  mag¬ 
neto-electric  machine,  tdthough  an  electro-magnet  is  em- 


Elu.  462. 


Drum  ArniiUum 


ployed  as  a  field  magnet.  A  permanent  mtignet  miglit  be 
substituted  for  the  electro-magnet. 

In  tlie  Siemens,  Edison,  Weston,  and  many  other  dyna- 
mcKH,  tile  drum  armature  is  used.  This  is  shown  diagram- 
matically  in  Fig.  462. 

In  this  case  the  beginning  of  one  coil  and  the  end  of  the 
next  preceding  coil  is  connected  with  one  commutator  bar, 
and  this  order  is  maintained  throughout  the  entire  winding. 
I'hiH  arrangement  causes  the  current  to  flow  always  in  tlic 
same  direction,  as  the  armature  is  revolved  in  the  magnetic 
field.* 

*  Stimitjie  dmcm*m  turn  contains  full  Infarmatlon  on  tlw 

contiirticiioii  of  an  rtg!it4iglu  dynamo  having  a  drum  armature.  Thomp»on,‘a 
“  Dynamo 'Klrctnc  Machinery '*  and  Herlng'n  "Dynamo-Electric  Machlnei  *' 
may  he  for  Information  on  dynamoii. 


47<5 


KXPK R I M KNTA L  Si ’ II-  N t * K. 


In  the  dia^runi  only  four  coils  uiul  ftmr  comnuitator  bars 
are  aliown.  In  the  actual  machine  tlic  armature  is  divided 
up  into  a  larj^c  number  of  set;tions. 

MAUN  K't'l  >.I-:LK(  ‘  T RI  ( '  M  AC  ’  1 1 1 N  ICS. 

It  has  been  already  shown  that  it  tnakes  m>  material  dib 
fercnce  in  the  result  whether  a  mai^’uetiiied  steel  bar  is  intro- 
duced  into  the  tx)il,  as  in  h'ijjf.  44H,  or  wliethm*  tlse  coil  is  pne 
vided  with  a  soft  iron  core  capable'  of  bein|(  ma|^neti/ed  bv 
induction,  by  contact  with,  or  proximity  to,  a  permanent 
mai^net. 

Fig.  463  illustrates  an  experiment  of  this  kind,  in  which 
ths  coil,  A',  of  very  fine  wire,  is  provided  with  a  pertnanent 

¥ui,  .ifo. 


coil,  the  core  instantly  hecomc's  a  magnet  by  induction,  and 
a  current  is  set  up  in  the  coil  in  the  same  manner  as  in  the 
former  experiment.  When  the  magnet  is  removed,  the  mag' 
netism  of  the  core  departs.  'rhis  is  equivalent  to  the 
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pie  of  this  species  of  generator  of  induced  currents.  When 
the  diaphragm,  acting  as  an  armature,  ai)[)roaches  the  mag¬ 
net,  a  momentary  current  is  set  up  in  the  bobbin,  A",  in  one 
direction,  as  indicated  by  the  galvanometer,  B",  and  when 
the  diaphragm  recedes  from  the  magnet  the  current  set  up 
in  the  bobbin  is  in  the  opposite  direction.  In  the  telephone 
these  currents  have  suflicient  power  to  operate  a  second 
instrument  of  the  same  sort;  but  owing  to  the  fact  that  the 
armature  is  very  light,  and  never  touches  the  magnet  nor 
recedes  very  far  from  it,  and  the  further  disadvantage  arising 
from  the  use  of  a  bar  magnet,  the  apparatus  cannot  rank 
high  as  a  generator  of  tdectric  currents,  l\owever  well  it 
may  serve  the  purpose  of  a  telephone. 


.T 
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extrcinitic.s  of  the  inaf4'iK“l,  and  about  out'  iiu'h  wido,  is  piv¬ 
oted  at  its  lower  ed^e,  and  provided  with  a  k<’y  lever  by 
which  it  may  be  drawn  from  the  poles  ol  the  magnet.  A 
spring  under  the  key  lever  throws  the  tirmature  back  into 
contact  with  the  magnet.  'I'his  is  a  simplified  form  ol  Brc” 
guet’s  exiilodcr,  used  in  iiring  bla.sts  in  mines,  and  although 
much  smaller  tluin  the  apparatus  referred  to,  it  is  capable 
of  ringing  a  polari;^ed  bc'll  over  fifteen  or  twenty  miles  of 
wire,  and  will  give  a  powerful  shock. 

ft  is  a  convenient  and  inexjieiusive  apparatus  for  signal" 
ing,  and  is  particularly  adapted  to  the  teleplione  wlicn  used 
in  connection  with  the  polari/.ed  annunciator  or  poUiri/;ed 
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movement  (jf  the  tu'inaturr  is  tn  make  titr  aimatnir  in  tin* 
form  of  an  elect ro-ma^ou-t.  ami  m«*unt  it  tt|«in  a  i. .fating 
spindle  so  that  it  may  revolve  in  elost-  pioximit^  n*  tht* 

poles  of  a  slroni^  pernuuumt  liofseshoc*  itue4net.  This  !nrm 

of  machine,  which  is  tlu-  invc-ntioiiMl  1  *lu  kr.  is  shnw  n  in  P’iu. 

4C»7.  It  has  loiin  iisfd  fur 

medical  {nirposes.  and  l»el»»re  tlie 

Ni  inventiun  »»{  the  iiuur  recent 

^  mai'idiies  was  rmnluved  Im  rler- 

tro"Uieta!liirK\  and  l»»i  uthri  pnr. 

ptiseH. 

3^"  The*  eln  tiH.iiiaynrtit  aiinatiire. 

IJ  I  '*•  is  niuniited  lilt  a  shalt.  su  that  it 

***'’**^'‘”  ‘****^* 

I contact  with  the  poles  »*!  the  t  usn 

Iiir  ^ potmd  iiuiipirt,  Ic  fine  »»!  the  trr- 

tninals  of  iltr  lHil4»iie.  is  in  elrr* 
trieal  « onnri:  tioii  %\ifh  thr  shaft, 
the  ofhtn  is  I  oiiiiei  tnl  with  an 
insulated  ferrule  <»n  the  sfiaft.  "riir  aileiiiafinn  i  tii iriti  is 
taken  off  hv  two  Hfirlngs  one  tom  liiiiij  thr  insnlafrd  Imnlr, 
the  other  hearin.|4  against  lltr  Hlnilt,  Wlirn  fl»r  tiiurnf  i% 
required  to  flow  in  one  direiilim,  tlir  iiisylilni  Irifidr  k 
split  longitudinally  into  two  ri|tiai  srpaiatr  Italvrs,  racfi 
of  which  is  eonnerted  with  onr 


diametrically  o  p  |h>  » i  t  r  sides, 
forms  a  commutattm  which  sritiK 
the  rsiomentary  ciirrent**  of  like 
name  all  in  one  direction. 

The  slots  of  the  frrnilr  air 
arranged  relative  to  tfir  sj*rifj|»s. 

M,  ami  armature,  so  wlirii  lltr  pol.y  l.nrs  »il  liir  aini.ilnrr 
cross  a  line  joining  the  |it»|rs  of  l!»r  jirtiiiasient  iii.igfirt,  tfis’ 
springs  will  leave  onr.lnilf  «d  ihr  fmiilr  anti  i*.ittli  il»r  oilier 
half. 

hig.  shows  a  liioililtc'atiofi  ul  iiwi  hinr.  tii 


capable  « if  |i:ivirig  pciwrrliil  slt«irk%  will  **vrr  liir  cm- 
ductors  kntding  from  the  m.ifliisir.  K.iili  J.  ai  ihr 

corumutatcif  ferruk*  t*%  |ir«»vi«i  d  with  ;iii  aiiii,  r,  irriiiiiiatiiig 
in  a  curved  picct%j^%  attat'lirri  lu  nf  ikr 

ing'  cyliiKltT,  r,  I  fir  rurvril  iiiri'f-s,  r,  iirr  j»rr%\ftl  liv 
wiiich  art:  t*ltti?trk**illy  t/miurt  iril  wiili  flir  i Mfiiijiiifait»r 
sjiring.s  an  thrir  rr«%|*rtii\r  .4  ilir  lUiiidrr.  %ii  that 

when  the  is  finl  In  it*,  »*««i  tkr  frfiiilr,i/, 

is  tcmdifd  by  its  spring  Hit-  Iwi.  -.pi mgs  krmg  rirt  Iriral 
amumiiikratuiri  wills  r.w  t»  ihr  i?44t  Imir  f.ii  tlir 

nuimrnt  shfirt^-irniitrci.  but  i  Mfji.ii  i  wifli  r,  brukrii. 
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the  extra  current  passes  by  the  usual  channels  from  the 
machine. 

A  niag-nelo-elcctric  machine  eciiuil  in  power  to  three  or 
four  Bunsen  elemenls  is  shown  in  Id^iics,  470,  471,  and  472. 
I'he  coui[)oun(l  held  nui^iu't  is  composed  of  twelve  six-inch 
horseshoe  permaiumt  mai^nels,  iv,  arrau^^ed  in  two  groups 
of  six,  with  their  like'  (‘xlremities  clamped  between  curved 
soft  iron  bars.  J,  as  shown  in  the  verlicid  longitudinal  sec¬ 
tion,  Fig,  472.  These  bars  consist  of  sections  cut  from  com¬ 
mon  wrought  iron  washers,  3  inches  extenud  diameter, 
inch  thick,  and  having  a  inch  hok;  through  them.  The 
washers  are  .all  drilled  (o  rectave  the  bolts,  //  //,  before  they 
are  cut  in  two,  'fhe  washers,  j,  and  magnets,  K,  arc 
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7,  8  bein^  the  termiirals  of  the  wire's  of  the  btihhin.  'Phe 
blocks,  I  and  5,  represent  the  ends  oi  tin*  first  wire,  2 
and  6  representing^'  the  ends  of  the  sc'i'ond  wire,  ^  ami  7 
the  third,  and  4  ami  8  the  fourth;  15  and  d*  art'  eurved 
brass  pieces  capable  of  bein^  pln^'*»’t'd  into  connection  with 
the  blocks  just  mentioned,  liy  means  of  screw  i>lu^'s,  shown 
in  place  in  the  cng'raviuff'.  I'lie  [tieces,  15  and  id,  arc  com 
nected  rcvspectively  witli  the  two  halves,  ()  P,  of  the  ctnm 
mutator  cylinder. 

At  the  ends  of  the  curved  pieces,  15  and  id,  then'  are 
metallic  blocks,  17,  iH—thc  block,  17,  bein|>;' connected  by  a 

Fui.  473. 


Switch  tif  the  Magneto  Electric  Machine. 


insioc  tne  mocKs 
10,  n,  12, 13,  14,  con 
opposite  sides  of  tli 
springs  or  brushes,  1 
support  and  are  pro 
the  wires  for  conduc 
T,  touches  the  end  c; 
post  for  receiving  a 
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taiiu'd  by  an  insulator  attached  to  the  auj^lc  plate,  L,  has  a 
binding  post  for  rccanving  a  conductor. 

This  machine  will  yield  cairrenls  of  Uiree  different  mlen- 
sities,  and  will  deliver  them  either  direct  or  alternating,  and 
it  answers  admirably  as  a.  motor. 

'Po  obtain  a  (luantity  cairrentthe  screw  plugs  arc  inserted 
as  shown  in  Mg.  473,  so  as  to  c'onnect  i,  2,  3,  4  with  15,  and 
5,  6,  7,  8  with  16.  In  this  condition  it  may  be  used  as  a 
motor. 

Tin*  succe.ss  of  the  machine  as  a  motor  dcj)ends  in 
a  great  measure  on  the  adjustment  of  the  commutator.  Its 

Ftc.  474, 


Polarized  Hell. 


slit  should  be  nearly  opposite  the  center  of  the  open  space 
or  groove  in  the  annature. 

To  secure  a  mtrrent  of  higher  voltage,  ermnect  5  and  6 
with  id,  connect  i  to  2  and  2  to  1 1,  connect  12  to  7  and  7  to 
H,  and  fmally  connect  3  aiid  4  with  15.  To  get  the  highest 
voltage,  c'oimect  5  to  id,  i  to  tj,  10  tod,  2  to  n,  12  tf)  7,  3  to 
13,  14  to  H,  and  4  to  15.  Direct  currents  arc  taken  from  the 
springs,  R,  ulternuting  currents  arc  taken  from  the  springs, 
T,  U,  after  connecting  15  to  17  and  16  to  iB.  The  quantity 
current  is  obtained  from  four  parallel  wires,  which  are 
et|uivalt‘nt  to  one  wire  having  four  times  the  sectional  area 
of  the  single  wire  and  one-fourth  the  length.  When  the 
mivliiifti  <Mtrrcni  Ss  secured  the  wire  is  doubled,  so  that  it  is 
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equivalent  to  a  wire  haviii^^  twice  the  sectional  iirea  of  tiu 
single,  wire  and  one  half  the  length,  h'or  the  high  voltage 
current  the  full  length  of  wire  is  used  single. 

Fig.  474  represents  a  Siemens  polarized  hell,  in  which  an 
iron  yoke,  is  snp[)orled  from  the  elongated  (Mids  of  the 
yoke  of  the  magnet,/,  hy  two  brass  studs.  'Fhc*  yoke,  w, 
supports  the  pivots  of  the  hell  armature,//,  also  the  studs 
upon  which  the  hells  are  placed,  and  to  it  is  secured  the 
magnet, /,  which  is  bent  uncltn'  the  yoke  of  the  magnet,  4 
without  touching  it. 

Fig.  475  shows  a  similar  hut  simpler  device,  in  whit;h 
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Sirnplt*  PohirizacJ  Bell. 


the  poles  of  the  magtiet,  /',  are  lilted  with  a  brass  voke^ 
///,  which  supports  an  iron  frame  in  which  is  pivoted 
the  armature,  //',  and  to  which  the  bell  is  attaclual,  ‘'riu's 
frame  has  a  socket,  e',  for  reetdving  one  of  the  poles  of  a 
horseslioe  magnet,  4,  the  other  pole  of  which  touches  the 
yoke  of  the  magnet,  /'. 

The  polarized  aimimciator  sliown  in  Fig.  476  has  two 
soft  iron  cores,  r,  carrying  two  liohhins  of  fine  wire  com 
nected  like  the  S[)ools  of  an  elect roanagnet.  In  front  n! 
these  soft  iron  cores  there  is  a  light  delicately  jiivoted  plate. 
JT,  of  iron,  which  is  held  in  contact  with  the  cores,  /,  by 
magnetism  induced  in  them  hy  a  magnet,  /.  c*lampL*fl  in  tin* 
middle  and  capable  of  being  adiuste/l  hy  a. spring  and  screw 
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nt  tlu*  hctloui.  'Phc  iron  annunciator  plate, ha.s  sufficient 
inclination  to  cause  it  to  droj)  if  released  from  the  cores,  r. 
'Phe  mafi^net  is  placed  so  near  the  cores,  r,  as  to  impart  to 
tliein  just  enoui^h  attractive  force  to  hold  the  plate,  .s-,  and 
no  more, 

'Phe  polarised  hells  and  annunciator  may  be  worked  by 
either  of  tlit'  iastruraents  sliown  in  Fig's.  465,  466,  and  467, 
and  will  be  found  for  many  uses  pre- 
fc'rable  to  ek'ctric  bells  and  annuncia- 


tors  operated  by  battery  currents. 

HAND  roWKR  DYNAMO. 

h'ig.  ,177  is  a  perspective  view  ot 
a  small  hand  dynamo,  wldc’h  is  shown 
hall  sixt‘  in  detail  in  I'igs.  478,  479, 
4H0,  and  4H1.  This  is  *a  wSiemens  H- 
armature'  machine,  which  is  as  ('Ificieut 
as  any  nmall  dynaimn  while  it  has  the. 
advantage  of  bt'ing  readily  understood 
and  easily  constructed.  ’Phe  field 
magnet  is,  fiir  the  sake  ot  con¬ 
venience,  composed  of  two  pieces, 
A  B,  whi(fi»  are  exactly  alike,  except¬ 
ing  that  the  comujcling  piece,  Cb  is 
I'ast  with  tin*  piece,  A.  ’Phe  parts, 
A  B,  are  planed  at  tlicir  jimcturc  at 
the*  top,  and  secured  together  by  two 
bolts  which  pusstlirough  the  part,  C. 


'Phe  lo'wer  ends  of  these  parts  are  Anuuncisuor.* 

also  planed  to  receive  the  brass 

plate,  F,  which  is  setnirc'd  in  place  by  dowels  and  screw.s^ 
two  of  eac'li  entering  c'atF  part.  Tfie  cylindrical  cavity 


which  rtjceives  the  arnuiturc*.  (1,  is  bored  out  truly  and 


snun)thly  ot  :i  uniform  ealiber  from  end  to  end.  The 
nlgcs  ol  that  pr)rti  m  of  llu*  Pn'ld  magnet  around  which  the 
I),  is  wound  are  nmndetl  and  a  piece  of  cotton  cloth 


Is  wrapped  arouml  each  ctme,  and  secured  by  means  of 
shr*l!ac  varniHh.  Fpon  this  is  wound  .seven  layers  of  No. 
if>  c-t»tt(m4*overed  coppc*r  wire.  'Plm  limbs  of  the  magnets 
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arc  wouiul  in  the  same  ilircc'tion,  or  in  such  a  way  that 
when  the  two  j)oiiions,  A  B,  art'  plact'd  end  to  end,  one  coil 
would  be  amply  a  conlinuation  of  (he  other,  'Piu'  innt'r 
ends  of  ^  lie  coils  arc  counecltsl  to^^cl her,  while' their  outer 
ends  are  of  sulhcienl  lenijfth  to  run  downward  throui^'h  the 
base,  and  bend  oulwai’d  at  ///  e,  and  are  connected  with  the 
bindiufjf  jiosts,  //  />. 

The  annature,  CJ.  coirsists  ol  a  cylindrical  piece  ol  soft 
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Hand  Power  Dynamo. 


cast  iron  grooved  longitudinally  and  across  the  ends,  and 
wound  with  No.  t8  cotton  or  silk  covered  copper  wire.  It 
is,  in  fact,  a  very  short  and  wide  bar  electro-niagnet,  having 
enlarged  and  elongated  emls  of  the  form  of  a  segment  of  a 
cylinder.  In  diameter  the  armature  is  only  a  very  litth'  less 
than  that  of  the  cylindrical  space  between  the  parts,  A  B, 
of  the  field  magnet,  and  its  lengtii  is  little  less  than  tlie 
width  of  he  field  magnet.  In  Figs.  478  and  480,  O’ is  the 
core  of  the  armature  around  whicli  is  wound  the  wire,  U. 
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To  opposite  ends  of  the  urmatiirc  are  fitted  the  brass  heads^ 
I  J,  into  which  are  screwed  the  shaf  ts, 'Pile  c'ore,  (*  ',  of 
the  armature  is  filed  to  remove  rouf^hnesses  and  hard  scale, 
and  the  heads  and  shafts  are  fitted  to  tfu*  ends  of  the 
armature  before  it  is  turned  and  tilted  to  the  cTliiidrical 
space  in  the  field  maj^net.  Tlie  shaft,  />,  is  journaled  m  a 
brass  suppoi t,L,  which  is  attached  by  screws  to  the  e«l^es 
of  the  parts,  A  H,  of  the  field  niajj^uet.  'Phe  shaft,  c,  is  jcuir- 
naled  in  a  similar  support,  M,  which  is  secured  to  the  oppo¬ 
site  wside  of  the  elect r(»-ma|^net.  Outside  of  the  bearin|4,  L, 
upon  the  shaft,  d,  is  secured  the  pulley,  #/,  and  between  the 
support,  M,  and  the  head,  J,  the  commutator  is  placed  upon 
the  shaft,  <\  The  commutator  consists  of  a  vulcanite  cylin¬ 
der,  r,  having  upon  its  periphery  a  copper  or  brass  ferrule, 
which  is  slit  longitudinally  at  diametrically  opposite  pfunts, 
forming  the  insulated  sejjjments,  'Phese  are  securt'd  ti^ 
the  vulcanite  cylinder  l)y  small  brass  screws,  and  tlu'  slits 
arc  placed  exactly  opposite  the  center  (»f  the  longitudinal 
grooves  in  the  arnrature.  The  commutator  is  prevented 
Irom  turning  on  the  shaft  by  a  set  screw,  and  witli  the  seg 
nients,  y  arc  connected  the  terminals  of  tlu'  armafuic 
coil.  If.  These  terminals  pass  through  hoIt‘s  in  the  head, 
j,  wliich  are  lined  with  an  insulating  material. 

'To  opposite  sides  of  the  support,  M,  are  secured  tin* 
copper  commutator  sjjrings,  /i  /,  each  consisting  of  five*  or 
six  thicknesses  of  thin,  harcUrolled  copper.  They  an*  both  se¬ 
cured  by  screws,  and  insulated  from  the  support  by  vulcanite 
buttons,/  The  spring,/^,  i.s  bent  forward  over  the  c(»mmutU' 
tor  and  bears  upon  it  with  a  slight  pressure.  The  spring,  /, 
is  bent  so  that  it  touches  the  commutator  at  a  point  dia¬ 
metrically  opposite  the  contact  point  (»f  the  .spring,/'.  *Po 
the  spring,  /{,  a  wire  (No.  14)  is  soldered,  and  exttaids  down¬ 
ward  through  the  wooden  base  of  (he  machine;  a  similar 
wire  runs  from  the  spring,  /.  As  the  design  a(  this  mat;li itu* 
is  such  that  the  field  magiu't  may  be  c*omiected  with  a  bat 
tery,  so  that  all  of  the  current  from  the  uniialurc  may  be 
utilized  in  the  external  circuit,  instead  <»f  alltnving  a  pot1i»»n 
of  it  to  pass  through  the  helices  td  tin*  magnet,  twcj  extra 


IlVNAMlC  l-llJ-.fTKlcri'Y. 


492 


KXI’KRIMKNTAL  St'IKNCl':. 


riectccl  with  tlic  biiuliii”-  post,  //,  by  the  wirt‘,  /.  All  of  these 
>00111100110118  should  bi'  inade  with  No.  14  uit'o.  A  sup[)ort, 
O,  for  tlie  shaft,  l\  is  sec’ured  to  the  top  ol  (he  electro-iuai^- 
net.  d'ho  shaft,  I’,  has  at  one  end  the  driviu,^’  wheel,  (},  ami 
at  the  other  end  a  c'raiik  for  operating  the  inacdune.  A  om‘ 
loch  belt,  K,  runs  around  the  pulley,  r/,  and  tiu'  wheel,  Q. 

When  the  iiuichiiie  is  driven  by  power  the  pulley,  tf,  may 
with  advantage  be  larger.  'I'lic  si/e  of  tlie  win*  on  the  mag¬ 
net  and  armature  may  be*  varied  for  some  speeial  purpose, 
but  for  general  u.se  the  si/cs  here  given  are  reeonimended. 
The  wslit  in  the  commutator  .should  be  m  ide  slightly  diagonal, 
so  tliat  one  .scc'tion  of  tlie  copper  ferrule  will  touch  the 
siiring  before  the  other  .section  leaves  it.  The  armature 
should  fit  in  the  magnet  as  closely  as  possible  without  rub* 


Fm.  4SC1. 


bing,  'idle  [Kirts  indicated  as  bras.s  or  copper  should  he 
made  of  these  metals,  as  a  magnetic  insulation  is  required 
wherever  they  are  u.sech 

When  the  switch,  N,  is  in  the  position  nhowii  in  the 
drawing,  the  binding  posts,  //  c,  being  connected  hv  a  wire, 
the  current  passes  from  the  ptwt,  r,  through  the  commuta¬ 
tor  and  the  armature,  thence  by  the  wire,  4  to  the  switch, 
thence  through  the  button,  /,  and  by  the  wire  to  the  post,/, 
thence  through  the  held  magnet  to  the  post,  m,  through  the 
terminal,  w.  When  the  machine  is  arranged  In  this  man¬ 
ner,  the  wire.s  leading  from  (he  machine  arc  taken  from  the 
posts,  V  n.  The  full  power  of  the  machine  is  developed  an 
instant  after  the  connection  of  the  ptists,  v  n. 

By  moving  the  switch,  N,  into  contact  with  the  hutton,.c 
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anti  ('oniK'c-tiiifx  a  hatlary  of  six  or  Bunscai  c'olls  with 

t In*  posts, // /»,  tlu*  nuiL;'iK'ts  arc  I'xcitc'cl  w'ithout:  dc't raclinfj^ 
Ironi  the  power  of  i!k>  ai’iiiat urc‘,  and  the  lairrent  from  the 
latter  is  taken  throu^ii  the  win',  /•,  as  l)efore,  to  ilu;  -post,  r, 
but  tlie  wire,  /,  is  now  in  ('U'etrii'al  c'onnection  with  tlu' 
hindini^  post,  //,  throu^-h  the  swifeli,  N,  hiitton,  .v,  and  wire', 

Iherelore  the  tairrt'ut;  is  taken  away  from  the  machine  by 
inse'rtiiif^  wires  in  the  posts,  u  ■?'. 

When  not  conneetc'd  with  a  battery,  this  machine  will 
heat  from  four  to  six  inches  of  No.  36  platinum  win'.  It 
will  ra[)idly  decompose'  water  when  the  enels  of  the  wire.s 
arc  dipped  in  water  slig-htly  acidulated.  It  will  run  an 
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induction  eroil.  I'he  extra  current  from  this  machine  is  suflr. 
eient  to  ^ive  stretniy  shocks,  ifj^nite  powder,  etc.  By  connect" 
ini^-  it  witli  a  helix  or  electn»  magnet,  small  permutient  mag¬ 
nets  nuiy  he  churgeel.  I'*or  many  purposes  this  machine 
will  be  femnd  etptal  to  four  or  six  Bunsen  cells. 

When  a  battery  is  employed  ter  excite  the  field  magnet, 
the  current  is  very  much  increased.  For  example,  it  will 
then  heat  twelve  inche.s  of  platinum  ware  instead  of  four  or 
six  inches,  and  it  will  affortl  a  current  sufficient  for  a  strong 
electric  light.  The  speed  has  much  to  do  with  the  amount 
of  current  produced  by  the  machine.  The  speed  should  he 
from  l.2C«  to  i.«;cxiturns  of  the  armature  oer  minute.  The 
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EI.KCTRO-ri.ATINX;  DVNAMi  >. 

T(ic  clcctro-pluliu^'  dyuatiio  iliOcTS  from  (lu*  <uu’  already 
■described  chiefly  in  ils  w’indinfjc,  I'or  inetalluriLfieal  work  a 
larjifc  ('iirrenl,  of  low  volta;LCn  ret|uired.  b'or  elect rodyp- 
inii;,  an  electro-motive  force  of  three  to  four  volts  is  suHi- 


Jiynarru- 

cient,  while  for  nickel  plating  it  should  run  up  t«)  tihout 
six  volts,  and  for  silver  plating  to  about  five. 

In  a  small  dynamo,  like  the  one  illustrated  in  Fig.  482,  it 
is  impossible  to  secure  tis  wdde  a  range  of  electro-motive 
force  or  of  current  as  can  be  realised  in  a  larger  nutchine, 
hut  by  varying  the  speed  and  by  intnjrlueitig  more  or  less 
resistance  in  the  external  or  internal  circuit,  the  current  can 
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bc'  athiplcd  In  most  uses  of  the  lunateur.  In  the  cnnslTiic- 
tinn  of  this  (Ivnainn  all  nl  the  tUineiisioiis  of  tlic  cores  and 
polar  ('Nt reunli(‘s  ol  the  field  ina^'uet  aiul  of  the  annalure 
eon*,  as  li’iven  in  the  desi'i'ipliou  of  the  hand  power  dynamo, 
are  followed  except  in  rc'f^’ard  tt)  the  thiekneHS  of  the  waists 
ol  the  held  majj^uets  and  their  polar  extremities,  'riiesc 
dimensions  are  hen*  increased  by  addinf^-  iii  inch  to  the 
thi(*knessof  the  waists  and  iiu'h  to  the  lluckness  of  the 
polar  extreniiti(‘s,  thus  inc'reasin^  the  amount  of  iron  in  the 
held  ma.y:net. 

'fhe  armature  is  wound  with  five  layers  of  No.  t2cotton- 
t'overed  magnet  wirt*,  and  tin*  ti'rniinals  of  the  c;oil  are  con- 
nt'cted  with  th*  halves  of  the  commutator  cylinder  as  shown 
in  Id*;.  .pHp 

'I'lie  commutator  cylinder  is  formed  ol  two  sections  cut 


Fin.  .|K3, 
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Arimturc  uf  ElfciU)  Dialing  Dyinutiu—Half  Ht/at. 


from  a  copper  tube  and  mounted  upon  a  lutb  of  vulcanite 
or  vuk;anizc*d  fiber,  the  tube  .sei't ions  being  separated  from 
each  other  so  as  to  form  iliagonul  slits  in  diametrically  oppo¬ 
site  sides  of  the  cylinder,  us  slunvn. 

The  brushes  are  supported  by  mortised  studs  inserted  in 
the  etuis  of  a  cross  bar  of  vulcanized  fiber  mounted  on  the 
journal  box  of  the  armature  shaft,  'fhe  threaded  ends  of 
the  mortiseii  studs  project  through  the  cross  bar  to  receive 
binding  posts  which  are  screwed  down  tightly  on  the  bar. 
In  the  mortist'H  of  the  studs  are  placed  the  brushes,  which 
press  lightly  upon  the  commutator  cylimler.  The  brushes 
are  formed  of  several  tliicknesses  of  thin  hard-rolled  copper. 
The  field  magnet  is  wound  vvitli  twelve  layers  of  No.  iH 
magnet  wire,  and  is  connected  as  a  shunt  to  the  .'irmaturc, 
That  is  to  say,  the  terminals  of  the  field  magnet  wires  arc 
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connected  with  the  sanu'  bintliii^  posts  that  lecrive  the 
wires  from  the  eonnuutattjr  hrusiies,  as  show  n  in  hiijf,  4K4. 

I'he  coiuluetors  oi  tin*  external  eireitit  are  also  i  tmneetetl 
with  these  biiulini^  posts.  When  the  mmiu'etions  are 
arranf^ed  in  this  wav,  the  enrrent  tlivitles  a!  the  binding 
po.sts  referred  to.  a  part  i^oin^  lhrou|4’h  the  wire  td  held 
mai^net,  another  part  i^'oin^  tlirimi^ii  the  cKternal  circuit, 
whicli  in  the  present  case  includes  a  plating  soluthnn 

To  the  negative  conducttjr  is  attacdied  the  ratliode  or  the 
plate  or  object  which  is  to  receive  the  deptjsit,  and  upon 
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Larj^v  wire  should  be  used  for  carryin^^  the  c'urreiit. 
Within  certain  limits  the  c'leetro-niotive  force  of  the  cui'rc'iit, 
may  be  varic'd  by  ehan^an^’  the  speed  of  the  machine,  and 
tlu'  current  may  be  controlled  by  inserting'  resistance  into 
the  extcnaial  circuit  or  into  the  shunt. 

'I'lie  hand-power  dynamo  may  be  converted  into  a  shunt 
mac-liine  by  arranging  the  connections  according  to  I'ig. 
4H4,  but  it  will  be  necessary  to  introduce  resistance  into 
the  shunt  or  held  magnet  circuit  to  prevent  too  muc'h  cur¬ 
rent  (rotu  going  through  the  held  magnet. 

d'lu'  electro-plating  dynamo  may  be  used  successfully  in 
copper,  nickel,  and  silver  plating  on  a  small  scale,  also  for 
electro-typing.*  'Phis  dynamo  acts  well  when  used  as  a 
motor  in  <’onnection  with  the  plunge  battery  shown  in 
Idg.  .yj4. 

‘Phe  length  of  wire  on  the  armature  is  41)  feet  imd  on 
the  liehl  magnet  about  sik)  leet, 

.SlMfl.t.  I.LKCTUIC  MOTOR. 

It  is  generally  understood  that  an  elhcient  electric  motor 
cutinot  be  nuule  without  the  u.se  of  machinery  and  line  tools. 
It  is  also  believed  that  the  expense  of  patterns,  casting.!. and 
niateriuls  of  various  kittds  required  in  the  construction  of  a 
good  eltndric  motor  is  con.siclerable, 

The  little  motor  shown  in  tlie  engravings  was  devised 
and  constructed  with  a  view  la  assisting  amateurs  and 
beginners  in  eleetririty  to  make  a  tnotor  whicdi  might  be 
driven  to  atlvantuge  by  a  current  derived  from  a  battery, 
and  which  would  have  sulTident  power  to  operate  an  ordi¬ 
nary  foot  lathe  (»r  any  light  machinery  requiring  not  over 
one  nnut  power. 

The  »>nly  machine  work  required  in  the  construction  of 
the  tindtu*  illustraterl  is  the  turning  of  the  wotKlen  support 
for  the  armature  ring.  The  materials  cost  less  than  four 

^  **  jilalliiR anil  **  Kteciro-iyptriK,”  by  Urquhart,  sinil  “Electro- 

llufHwiibtti,'*  Ity  Watt,  ^ru  excetlent  works  cm  their  re«pectiw  gubjects,  Tha 
Amemam  al»*o  ronlaini  valuables  inforttsation  on  these 

snbjrfic*  cm  thr  ccmitrueiioti  of  dvnamos  for  tha»r  usan. 
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iron  wire  of  wliieli  tlu*  etu'e  nt  tlir  armatuir  is  iunnetl 
The  wire,  before  witulini^.  sluniUl  Uv  varnisliftl  uuh  she  ll. u" 
and  allowed  to  dry,  and  the  surtutf  ot  thr  sjuml  ua  hii  h 
the  wire  is  wound  should  be  enverrtl  with  |».i|na  to  |»rev«'nt 
the  stickin^^-  of  the  vaniish  when  the  wite  is  heuttnl,  as  will 
presently  be  deseribed.  The  si/e  ot  the  itoii  vuie  of  the 
core  is  No.  iH  Aineric'an  wire  ^avt|»e.  The  spool  is 
inches  in  diameter  in  the  smaller  part,  ami  .t  inrhes  itj  leai^th 

FttJ  .jH7, 


Wirtdij*s  itsf)  ',f»n4»jitr, 


between  the  flanges.  It  is  divitlrd  at  tiie  erntc-i  and  lastenet! 
together  by  screws.  Each  part  b  tapernl  slightly  to  ladll- 
tate  its  removal  from  the  wire  ring,  llm  %viie  h  wound  on 
the  spool  to  a  depth  of  |  inch.  It  slnnild  f«*  wound  in  even 
layers,  and  when  the  winding  h  amiplete,  thr  spool  and  its 
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tape,  (o  insure  insiilat ion.  II  adhesive  (ape  is  not  at  hand, 
vi'i’)'  thin  eotlon  (a[)c‘  or  strips  of  cotton  cloth  may  be  sub' 
stit iitcal.  A  sin<j!,-k'  coat  ol  sliellac  varnish  will  liokl  the  cov¬ 
ing*  in  place. 

The  ring*  Is  now  spaced  off  into  twelve  equal  divisions, 
and  lines  art'  drawn  around  tht'  ring  transvci'sely,  dividing 
it  into  twelve  etjual  segnu'nts,  as  shown  in  Fig.  487. 

Two  wedge-shaped  piet:cs,  C\  of  hartl  wood  ai'C 
notcheil  anti  littetl  It)  the  ring  so  as  to  inclose  a  space  in 
which  to  wintl  tin*  coil.  Thest*  blocks  may  be  clamped  in 
any  convenient  way.  ’('he  coil,  H,  consists  of  No.  18  cot- 
ttin-covered  copper  nnignet  wire,  ft)ur  layers  deep,  each 
layer  having  eight  t'onvolutions.  'rhe  euche?,  and  the  begin¬ 
ning,  b,  of  the  winding  ternuuatt*  tai  the  same  side  t)f  the 
ctiil.  The  last  layer  of  wire  slu)nltl  be  wound  over  two  t)r 
thret*  St  rinds  ot  shoe  thread,  which  should  be  tietl  after  the 
ct)il  is  ctnnplete,  thus  bintling  the  wires  together. 

When  the  first  section  of  the  winding  is  linished,  the 
wirt*  is  cut  off  anti  the  ends  (about  two  inches  in  length)  are 
twisted  together  to  cause  the  coil  to  retain  its  shape.  After 
the  completion  of  the  fn*st  section,  one  of  the  pieces,  C,  is 
moved  to  a  new  position  and  the  second  .section  is  proceeded 
with,  and  so  on  until  the*  twelve  sections  arc  woinul.  The 
coils  of  the  ring  are  then  varnished  with  thin  shellac  vaniish^ 
the  varnish  being  allowed  to  soak  into  the  interior  ot  the 
coils.  Finally,  the  ring  is  allowed  to  remain  in  a  warm 
place  until  the  varnish  is  thoroughly  dry  and  hard. 

(’are  should. be  taken  to  wind  all  of  the  coil.s  in  the  same 
direction  and  to  liuve  the  same  number  of  convolutions  in 
each  i*nil.  A  convenient  way  of  carrying  the  wire  through 
and  around  the  ring  is  to  wind  upon  a  small  onlinary  spool 
enough  wire  for  a  single  se(!tion,  using  the  spool  as  a 
shuttle. 

The  ring  is  mounted  upon  a  wooden  hub,  Cf,  Fig.  4H8, 
and  is  held  in  place  b\’  the*  wooden  collar,  II,  both  hub  and 
collar  being  provided  w'ith  a  concave  Ilunge  for  receiving 
tlu*  Inner  etiges  ol  tht*  ring.  The  collar,  II,  is  fastened  to 
the  end  of  the  hub,  (*,  by  ordinary  brass  vvootbscrews. 
lioth  hub  anti  collar  are  mountc‘d  on  a  stetfl  shaft  formed 
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taiiRtd  in  its  mortise  by  a  dovetail,  as  shown  in  Fi^-.  492.  By 
lids  arrangcmeul  each  layer  of  the  strip  of  iron  may  be 
held  in  position,  as  the  lormation  of  the  mag'net  proceeds, 
the  several  keys,  r/,  and  wedges,  r,  being  removed  and 
replaced  in  sucta\ssion  as  the  iron  strip  is  carried  around  the 
block,  h'.  When  the  magnet  has  reached  the  reciuircd  thick¬ 
ness,  the.  wt'dges,  r,  are  forced  down  so  as  to  hold  the  iron 
firmly,  then  the  layers  of  iron  are  closely  bound  together  by 

t  liis.  ,|tn  AMI  ,|()3. 


Furitting  I  he  Field  MuKtiet. 

Iron  binding  wire  wound  around  the  magnet  through  the 
grotives,  r,  and  holes  in  the  base  board,  CF 

Idm  next  step  in  the  construction  of  the  machine  is  the 
winding  of  the  held  magnet.  To  insure  the  insulation  of 
tlie  itiagnet  wire  frotn  the  iron  core  of  the  magnet,  the  latter 
is  covered  upon  the  parts  to  be  wound  by  adhesive  tape  or 
by  c;olton  cloth  attuclied  by  means  of  shellac  varnish. 

The  direction  of  winding  is  clearly  shown  in  Fig.  493. 
Five  layers  of  No.  id  magnet  wire  are  wound  upon  each 
section*  of  the  magnet.  The  winding  begins  at  the  outer 
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When  the  vviiuliiij;'  is  (.-ompleted.  tlu'  teinpnrarv  hintlini^;  Is 
removed.  The  outer  ends  (4  rt)ils  J  ami  i  are  eon» 
nccled  togclher,  and  the  outer  ends  «»l  3  and  4  are  et)n- 
nected. 

The  iimer  ends  ol  2  and  4  are  eotuiecltnl.  I  he  innei 
end  ol  3  is  to  be  conneeted  with  the  eonunutator  brush,  /. 
The  inner  end  of  i  is  to  be  eonneiietl  with  the  bindini^' 
post,. 4'’,  and  tlu;  bindini^'  post,,^,»'',  is  to  be  connected  with  tlie 
commutator  brush,/’. 

The  field  inag'uet  is  now  placed  upon  a  base  havin|4’ 
blocks  of  suitable  height  to  sup[H)rt  it  in  a  hori/ontal  posh 
tion.  Blocks  are  placed  between  the  taiils,  to  prevent  the 
top  of  the  magnet  from  drawing  down  ujhju  tht‘  armature, 
and  the  magnet  is  secured  in  [daee  by  brass  stra(»s,  us  showti 
in  Fig,  485. 

The  armature  is  wrapped  with  three  j»r  hnir  thti'kuessc*s 
of  heavy  paper,  and  inserted  in  the  witler  part  of  the  field 
magnet,  the  paper  serving  to  center  the  armature  in  the 
magnet.  The  armature  shaft  is  le/eded  and  arratiged  at 
right  angles  with  the  tkdd  magnet.  The  posts  in  whieh  the 
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i'i)mnuU:it()r  Ih'usIu's,  'Plu'v  each  consist  of  three  or 

lour  strips  ot  tliin  hartl-rollctl  copper,  curved,  as  shown  in 
.pSK,  to  cause  (hcin  to  hear  upon  the;  screws  in  the  end 
ol  the  iuih,  Ci.  ’The  brushes  are  secured  by  small  bolts  to  a 
disk  of  vulcani/ed  liber  or  vulcanile  at  diametrically  opposite 
points,  as  shown  in  doited  lines  in  4X9,  and  the  brushes 
are  arruni^'etl  in  tlu;  direction  v)f  the  rotation  of  the  arma¬ 
ture. 

In  the  brush-carrying' disk  is  formed  a  curved  .slot  'for 
receiving  a  screw,  shown  in  bdg.  492,  which  passes  through 
the  slot  into  the  post  and  serves  to  bind  the  diskin  any 

Fiti.  4t)3. 


C!ifcult  of  Simple  Kltictric  Motor. 


position.  1'lie  disk  is  mounted  on  a  boss  projecting  from 
tin*  inner  side  of  the  post  concentric  with  the  armature 
shaft.  The  hnislies  are  c'cmncctcd  up  by  means  of  flexible 
cord,  or  by  a  wire*  spiral,  as  shown  in  Figs,  4B5  and  493. 
The  most  favorable  position -ftm  the  brushes  may  soon  be 
ftnmd  after  applving  the  curretit  to  the  motor.  The  ends  of 
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The  dimensions  of  tlie  parts  ot  the  motor  in 
low : 

Lcn^^th  of  field  ma|ifnet  (insitleP  . . . 

internal  diameter  of  polar  section  of  ma|^nct 

Width  of  ma'’*net  core . . . .  . . 

Number  of  layers  of  wire  to  each  coil  of 

mag’iict . . . . . .  ........ 

Number  of  eonvolutii>ns  in  each  layer..  ..... 
Length  of  wire  in  each  coil  tupproximutey  .. 

Si?;e  of  wire,  Am,  W,  Ci  . . .  . . . 

Outside  diameter  of  armature  ............. 

inside  diameter  of  armature  core. . . 

Thickness  " 

Width  “  “  “  ........... 

“  “  "  wtnmd . 

Number  of  coils  on  urmat un*. ............. 

Number  of  layers  in  each  cxiil 

Number  of  convoluticmK  in  eacli  layer.... 

Lengtli  of  wire  m  eaeli  armature  t*oil  (ap- 

jjroximate)  —  .  . . . .  ........... 

Size  of  wire  on  urnuiture,  Am.  W.  t*.. . , . .  , . 

Length  of  armature  shaft  . .  . . . . 

Diameter  of  armature  shaft, . . . 

”  “  wcKKlen  hub. . . 

Distance  between  standanls. 

Total  weight  of  wire  in  armature  and  field 


tery  of  low  resistance,  preferably  one  of  llie  plunging  type 
(Fig.  394),  as  such  a  battery  permits  of  readily  regulating 
the  speed  and  power  of  the  motor  by  simply  plunging  the 


being  more  powerful  for  its  size  than  any  other  aiul  of  Im 
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ske  between  Nos.  if)  and  Ju,  a  batterv  may  be  adapted  to  it. 
When  the  held  uui^nel  is  wound  with  tinei  wire  and  con- 
nected  as  a  shunt  around  the  ar:uature,  the  mottjr  becomes 
sclf-regulaliujj^. 

The  forcj^oing' description  of  the  small  motor  was  written 
for  the  purpose  of  assisting'  amateurs  who  have  few  tools 
and  no  machinery.  If  all  necessary  tools  are  available,  the 
motor  may  undoubtedly  be*  imxlified  in  several  particidars, 
to  facilitate  the  work  of  construction,  but  without  seeuring 
better  Final  results.  Mg.  496  shows  a  magnet  made  of  cast 
iron.  Instead  of  being  formed  of  a  single  casting,  it  con¬ 
sists  of  two  like  halves,  both  made  from  the  same  pattern. 
'Fhe  ends,  which  are  stpuire,  are  tittetl  together  accurately 
cither  by  planing  or  filing,  and  fastened  together  by  sitcw's 
or  bolts,  two  at  each  end.  I'he  body  of  the  cast  iron  field 


portions  of  the  magnet  on  which  wire  is  wenmd,  should  be 
covered  with  thin  cloth  and  shcllac*ked  before  winding. 
The  halves  of  the  magnet  arc  wound  separately  in  a  lathe, 
the  ends  being  supportctl  by  tlie  centers,  B  B,  as  shown. 
When  the  cast  iron  held  magnet  m  adoptetl,  the  motor 
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.so  as  to  j^roatl)'  iiuTtaisr  tlu*  of  the  wire  in  each  sec¬ 

tion.  W’here  the  e\ai't.  (liinensions  of  tlu‘ iiiachiiu' are  not- 
knowu  tlu‘  arniaturi'  shonltl  he  ukkU'  first,  the  lu'hl  ina}4;ue1 
beiii^  adapted  to  the  armature. 


5U)  KXrKklMKMAt.  .s(  IKM  I.,. 

CIIMTKR  XIX. 

A  gUARTKR-HOR.SK  I'OWKK  HI.F.tTUIt'  .McnoK. 

The  electric  motor  (lesc'ribed  on  pa^e  .pj"  ami  tiu’  Ini- 
lowin^^  was  clesii^ned  to  be  nuule  from  ortUuury  matC' 

rials  without  the  iiecessit}'  of  enipltjyini^  line  tools  or  machim 
ery  in  its  construction.  It  is  operated  by  a  current  from 
the  battery,  every t lung'  connected  with  it  being  within  the 
reach  of  any  amateur.  In  this  chapter  an  entirely  dillerent 
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This  motor  is  well  proportioned,  so  that  b}'  enlarjj^'iii^*  or 
redueiuf^  it,  in  proportion  to  seetional  areas,  a  motor  smaller 
or  lar^rr  than  the  one  illustrated  may  be  constructed. 

'I'he  motor  is  of  the  inclosed  type,  the  held  mag’net 
fonnin|,i;  a  drum  or  cylindrical  casini.;;,  with  inwardly''  pro- 
jectin|»;  pole  pieces  on  which  are  iilac'cd  the  coils  of  the  held 
ma|.jnet  (I''i|.^.  Ty/fi").  'Phe  heads  support  self-oiling  journals, 
a  (big.  *iy7)  which  retieive  the  shaft  of  the  armatures, 
which  latter  revolves  between  tlu^  ])oles.  'Phe  heads  (log. 
tire  provided  with  removable  sections  for  convenimice 


FWd  Magnet  with  II«id«  ind  Armature  Removed. 


in  examining  the  interi<»r  of  the  held  magnet.  The  conn 
mutator  brimhcH  consist  t)f  spring-pre.ssed  carbon  rods 
insertetl  in  the  insulaletl  hrass  sockets  placed  in  horizontal 
holes  bored  In  oppemite  Bides  of  the  head  near  one  of  the 
journals.  The  commutator  revolves  between  and  in  con- 
tatd.  with  these  carbon  brushcH.  The  electrical  connections 
are  made  at  the  top  of  the  casing,  as  will  be  presently 
descrilietl. 

'Phe  steel  armature  shaft,  which  is  sutiported  by  the  .self- 
oiling  bearings  in  the  heads,  has  a  uniform  diameter  of  | 
incdi,  and  In  td  Imdies  long.  On  this  shaft  is  placed  a  cast 
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th('in  to  form  down  over  1  ho  edge's  of  the  ihinge  and  nut. 
I  lu'st'  eaiu'as  xrasliers  are  coated  with  slu'llac  varnish. 

1  uhe.s  of  vuleani/ed  iiht'r  are'  jihu'ed  on  eae.'li  enel  of  the 
armature'  shatt  adjoining  the-  e'ast  iron  sle'e've*.,  so  tliat  no 
eleetrie-al  e*omie*e'tiou  e*au  he  made  by  the  winehng  with  the 
shaft,  hvc'fv  portion  of  the  steel  of  the  armature  is  thus 
proteete'd,  so  that  it  e'annot  come  into  elee'trieud  ea)ntac:t 
with  the  winding.  All  e)f  the  insulating  material  is  helel  in 
place'  hv  thick  shellac:  varnish,  which  is  allowed  to  dry 
tluH’oughly  before  the  winding  is  done. 

'I'hc  armature  is  wound  with  No.  22  (A.  W.  G.)  single 


iiig  frotn  the  remniuitator  eml  of  the  armature,  as  shown  m 
log.  awl  to  avoid  mistakes,  the  armature  groove  in 

which  the  beginning  of  tln‘  winding  is  made  is  marked  iB-i 
on  opposite  Hides.  Nine  grtioves  arc  counted  off  and  8 
is  marked  on  erne  side  eif  the  ninth  groove  and  cj  on 
the  other  sich*.  'riu?  wire  is  then  carried  ahmg  in  the 
grottve  !«-!  tti  the  back  end  of  tin:  armature,  thene:e  over 
Ihe  end  and  past  the  shaft  to  the  groewe  8-cj;  along  this 
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groove  to  the  coniniututor  end  t>f  the  uruuiture,  past  tht‘ 
shaft  to  groove  i8-i,  along  this  groove  to  the  rear  eml 
of  the  armaturt',  and  so  .on  until  grooves  iH-i  and  H-t; 
contain  fifty-eight  turns;  then  carry  the  wire  to  groove 
9-10,  and  back  across  the  coiumutator  entl  of  the  arma¬ 
ture  to  groove  1-2,  when  a  lotip  of  about  4  inches  long 
is  formed  outside  of  the  groove,  and  the  winding  is  tarn- 
tinued  in  groove  9-10  ami  groove*  i -i  as  before,  tilling  in 
fifty-eight  turns,  and  so  on  until  the  grooves  are  half  tillc'd 
and  the  winding  is  one-half  way  around  the  armature;  but 
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extending’  in  a  radial  direction  for  receiving  a  pair  of  ter¬ 
minals  of  the  armature  coil.  I'he  commutator  slcc've  or 
hub,  b,  is  provided  with  a  wrapping,/,  and  a  washcT,  t)f 
mica  for  thoroughly  insulating  the  bars  from  the  slc‘eve, 
and  with  a  mica  disk,  /r,  for  insulating  them  from  the  collar, 
d.  This  collar  is  held  in  place  by  four  screws  passing 
through  it  into  the  sleeve,  b.  I'o  economize  spac^c  the 
inner  end  of  the  sleeve',  b,  is  chambered,  as  shown.  The 
commutator  is  prevented  from  turning  on  the  shaft  by  a 


The  Fin  shed  Windinf, 


lug  pin,  i,  which  is  inserted  in  the  shaft,  and  is  received  in 
a  short  slot,/  in  the  sleeve,  b. 

The  commutator  is  2^^  inches  in  diameter,  the  bars  are 
I  inch  long,  and  vviclc  on  the  outer  face.  They  are 
arated  e^ 
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uuittilor  burs,  (he  wires  bein^  st)klcrcd  in  the  slots.  This, 
arrunfi^ement  o{  the  wire.s  aclnuts  of  placing  (he  carbon 
eoimuutator  brushes  in  a  horizontal  position,  which  is  desir¬ 
able. 

'Fhe  terminals  of  (he  arnudurc  wiudinjj^  arc  all  thor- 
tmixhly  separated  by  pieces  of  oiled  silk.  They  arc  wrap¬ 
ped  with  stout  twine  to  resist  ccntrifug'ul  force  and  are 
varnished  with  sliellac. 


In  each  slot  of  the  armature  is  placed  a  strip  of  Icathcr- 
boartl  to  cover  the  coil,  and  iu  peripheral  f^^rooves  turned 
at  three  point.s  in  tlie  length  of  the  armature,  arc  placed 
windings  of  No.  iH  piano  wire,  wliich  are  carefully  soldered 
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each  may  be  retained  in  place  by  two  ttip  bolts  as  shown. 
Accuracy  of  position  is  secured  by  facing  the  inner  side  ttl 
the  head  and  providin^^  it  wdtli  a  sht)uldc’r  whicdi  tits  tin* 
finished  cdf^c  of  the  held  ina|.^net.  While  the*  head  is  still  in 
position  in  the  lathe  t!u'*snpport  for  the?  journal  box  is  Ijored 
to  insure  proper  alignment. 

The  journal  boxes,  errd  ( Fi|:p.  499^?),  each  consist  of  a  Imnize 
sleeve  bored  internally  to  lit  thesliaft  and  turned  off  externulh 
in  two  diameters,  one  to  lit  the  huh  of  tlie  magnet  head  and 
the  other  to  make  room  for  the  oil  rhamher,  A%  wliieli  is 
further  enlarged  by  the  ('liamhering  out  of  the  huh.  'Fhe 
journal  Ixix  is  provided  udth  an  atuudar  groove,  m,  to  re¬ 
ceive  the  oil  from  the  end  of  the  shaft,  and  a  small  dm-t,  w. 
conveys  the  oil  back  to  the  reservoir.  The  journal  (uitside 
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screw,  r,  for  holding  the  lead  wire,  .v.  lii  tlie  brass  tube  is 
ulaced  a  spiral  spriuf^,  i,  which  presses  t.hc  c}dinjdrical  car¬ 
bon  rod,  torward  into  coutacl  witli  the  comuiutator  cyl¬ 
inder.  Mach  field  magnet  pole,  v,  is  furnished  with  a  coil, 
which  is  wound  on  a  wooden  form  betwc'cn  two  wooden 
collars  on  a  strip  of  vuk^anized  liber  one-sixlecnth  inch  thick 
wrappt'd  around  the  form.  Aftcn*  winding’  each  coil  is 
wound  with  'adhesive  tape  and  varnished  with  shellac, 
'riicrc*  is  a  total  of  3I  pounds  of  No,  28  single  cotton- 
t'overed  wire  in  the  (‘oils. 

The  woothm  f(»rm  for  these  coils  should  be  a  little  larger 
than  the  magiu't  pole  to  insure  the,  litting  of  the  magnet 
c'oils  to  the  poU's. 

The  tJoils  ar(‘  both  wound  in  the  same  direction  and  con¬ 
nected  in  series,  the  oulsiile  ends  being  connected  together, 
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post,  I'',  ()C  the  rheostat  is  connectetl  with  the  center  l)inclin|^ 
post,  F,  of  the  motor,  aiul  the  bimlingpost,  L,  ththe  rlieohlut 
is  connected  with  the  line  and  also  with  the  switch  tinn  t. 
The  latter  is  capable  of  making  a  contact  with  either  of  the 
buttons  2,  3,  4,  5,  6,  7.  The  switch  arm  i  bus  a  spring 
which  tends  to  throw  it  arountl  into  contact  with  tlu'  button 
2,  which  has  no  electrical  connection.  The  buttons  3  to  ; 
inclusive  arc  connected  with  the  resistance  tuhls.  When 
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The  Rheostat  or  Startlnf  Box; 

the  arm  r  is  brought  into  contact  with  the  button  3,  it 
throw 
also  tl 
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emit  is  broken  at  tiny  point,  the  inag'net  8  relcUvScs  the  switch 
arm.  tint!  the  s[>rin^  caust's  it  to  lly  bat'k  and  break  the  cir¬ 
cuit,  thereby  avoiding  tlu'  thinker  of  throwing'  a  heavy 
currtmt  sudtleiily  on  the  motor. 

'fhis  motor  will  readily  run  on  current  taken  from  an 
ordinary  lamp  socket.  It  is  so  proportioned  that  the  counter 
electro-motive  force  keeps  the  speed  down  to  1,600  revolu¬ 
tions  per  minute,  and  controls  the  current  so  as  to  render 
the  motor  unifortu  in  its  action. 

By  conneiiing  the  field  magnet  with  the  armature  the  ma¬ 
chine  may  be  run  by  power  as  a  generator.  When  run  at 
1,850  revolutions  per  minute,  it  is  able  to  supply  tlircc  16 
eaiuUe  power  no-volt  lamps. 

*I*he  following  is  a  table  of  iht*  dimensions  of  the  motor; 


Length  ttf  armsilurcj  shag. . . . . . 

Dldmctrr  **  **  . *  . . 

lUaimrirr  nf  Iha  armature . 

Diamrtt’r  uf  the  commutator  . .  . 

Width  of  commutaitor  ,  . . . . 

Number  t»f  commutator  tmrs,  18. 

Width  of  commutator  bar* . . . . . 

Length  of  hsaritig  surface  . . . . . . . 

Bore  of  the  ftcli  magtirt  ..  ....  . . . 

Chustde  diameter  of  held  magnet  drum  . . 

IttiidB  '•  **  ’•  “  ....  . 

Width  of  •*  “  . 

Height  of  drum  aimve  bottom  of  baae, . 

Diameter  of  in*ldo  of  amves  portion  of  he&d  — . . 
Dfameior  of  hole  for  receiving  commutator  brushes  . . 

Outside  diameter  of  carbon  brush  holder. . . . 

Oatbon  rod..  ..  ..  .........  . . 

Ltngih  of  carbon -  . 

Wire  on  the  field  mafnef,  3.V  pounds  of  single  cotton- 
covered,  No.  3^. 


16  Inches 

H  ’* 

3:'4  “ 

“ 


M  “ 

8H  “ 

sU"  “ 

4X  9'$  “ 
1  “ 

4  “ 

l 

il  “ 

n  “ 


!•:  X  i  •  R I M  !•;  N' r A  L  si  •  n-:  x  c  *  v: 


JLE  OF  TANGENTS. 


I. 

.0175 

I.S 

.0262 

2. 

.0349 

2.5 

.0437 

3. 

.0524 

3.5 

.0612 

4. 

.0699 

4.5 

.0787 

s. 

.0875 

5*5 

.0963 

6. 

.1051 

6.S 

•1139 

7- 

.1228 

7-5 

.1317 

8. 

.1405 

8.5 

•  ^495 

9. 

.1584 

9.5 

.1673 

10. 

•17^3 

io,S 

•i«53 

n. 

.1944 

n.s 

.2035 

12, 

.2 1 26 

13.5 

.2217 

13- 

.2309 

G-S 

.2401 

14. 

•3493 

14.5 

,2586 

15* 

.2679 

I5«S 

.2773 

16. 

.2867 

16.5 

.2962 

17. 

.3057 

I7-S 

.3153 

rces  h  Degwi.*  TanfU'tUx 


5  .4143 

.4245 

5  .4.HH 

.4453 

5  4557 

.4I16J 

5  4770 

4X77 

5  49«'> 

.5095 

.5206 

^S3T 

•5430 

•5S43 
•S65H 
•5774 
•5«90 
.600) 
.6128 
.6249 

,6494 

.6619 

•C74S 

.6873 


35- 

.fCItJi 

*■ 

t.2;y 

35.5 

•7KU 

i  S-’-S 

*-3*)3 

3^». 

.7265 

i  53. 

1. 327 

3f>.5 

.74m 

53-5 

1.351 

37* 

■  54. 

*•3/6 

37*5 ; 

.7673 

^  54.5 

1.401 

38.  : 

,7813 

55. 

1.42H 

38‘S  : 

•7954 

55«5 

*‘455 

39-  i 

.8098 

5^». 

i  .482 

39*5  : 

,8243 

50.5 

1.5*0 

40.  * 

.8391 

5;.  j 

*‘539 

40.5  { 

.854  J 

s;.5 

1.5% 

4L  I 

•8693 

t.Oxj 

41.5  ; 

M47 

!  58.§  1 

*.031 

42.  j 

.9C»4 

i  5!).  J 

42,5  1 

*9163 

J  50.5  i 

£.<»«i7 

43.  ; 

•9.P5 

j  tki.  1 

1.73J 

43-5  ■ 

,94c)o 

1  1 

1,797 

44. 

4/>S7 

fn.  1 

1,804 

44.S 

.9827 

i 

1.841 

45.  i 

i. 

fi2.  i 

l,8Ht£ 

45-5  ' 

1.0176 

62.? 

l.tpl 

46. 

J.0J5 

i 

46.5  ; 

1.053 

63.5  ; 

2.C«5 

47.  ; 

1.072 

%  j 

a.tiso 

47.5  . 

1.0)1 

(14,5  j 

a.cM/i 

48.  ^ 

I. no 

^s.  : 

2.144 

48.5  : 

L130 

^5.5 ! 

J.t94 

49. 

f.iSo 

m,  ; 

2.246 

49-5 

I. £70 

&KS  ' 

50‘ 

6;. 

50.S  , 

iai3 

67.5  ! 

3.414 

1 

*.234 

68.  i' 

J47S 

SJ-S  i 

J.2S7 

68.5  1 

^ 
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TABU*  OK 


Itpgrocx 

T«ngent<i. 

UrKrrf.. 

TmiKt'ius.  ' 

j 

iH'grecM. 

'I'lingoulH. 

DegrecH. 

6t). 

2.^105 

74-5 

3.605  ■ 

80. 

5.671 

«5-5 

*»  6  "A 

75- 

3-7.32  ■' 

80.5 

5-975 

86. 

f  0. 

2.74;  1 

75.5 

3. 866  i 

81. 

^>•313 

86.5 

70.5 

•1  1  [ 

•  1  *  W  Jj  • 

76. 

4.010 

81.5 

6.691 

87. 

71, 

^  f  ^ 

76.5 

4.165 

82. 

7-05 

87.5 

;i*5 

2. 9" 8 ; 

77- 

4-331 

82.5 

7-595 

88. 

72. 

3.077 

77-5 

4.5 10 

^3- 

8.144 

H8.5 

/  "•3 

3-171 

78. 

4.704 

j  ^3-5 

8.776 

89. 

73- 

3.270 

78.5 

4.915 

'  84. 

■9- 514 

^9-5 

73*5 

3-.375 

79- 

5.144 

84.5 

10.3H5 

90. 

/4* 

j  3*4^7 

79-5 

5-395 

,  H5-' 

U.430 

523 


Tttngent'^ 

12.706 
14.300 
16.349 
19.081 
22.903 
28.636 
38. 1 88 
57.290 
1 14.588 


T  TVT  V' 
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Absorption,  ,  i 

AbHOJ'plloIi  of  ffttHOH,  (H  I 

Almovpllou  of  llgUt,  217 

Achrouialk*  objoollvc,  IcIoBi-oplc,  JID 

Aold,  lllbU',  27U 

Acid,  Hlciirlc,  2751 

Acid,  Hulphurlc,  ttud  water,  d 

ActloUH,  molecular,  5U 

AdUeaUm,  RK 

Adjuatttblo  Hoimd  rctlecUir,  luU 
Adjualmcnt,  due,  281 
Aerial  lopi  Itb' 

Air  cumprcHaed,  »U 

Air,  effect  of  cetUrlfugal  force  on,  U 
Air,  Inertia  of.  tut) 

Air,  preaaaro  of, 

Air  pcesaure,  welglit  lifted  by,  81) 

Air  pump,  InexpenMlve,  Ul 

Air  pump  receiver,  1)0 

Air  pump,  treadle  for,  Do 

Air,  reduction  of  volume  «)f,  by  pre»i« 

Air,  resistance  of,  on  fallUig  bodies,  dH 
Air  thermometer,  184 
Air,  weight  of,  DO  ,  . 

Air  wlthdrawlnir,  from  mlcrtwcope 
alldea,  t)l) 

Alry’a  splralu,  258 
Alcohol,  cotton  In,  I 
Alcohol  and  water,  mljcture  of,  3 
Alum  coll,  18U  ,  , 

Amalgamation  of  hint's,  402 
Ammeter,  4B3 

Atmiyala  and  synthesis  of  light,  213 
Analysis  of  Hounding  flamea,  148 
Analysser,  285 
Anchor  plants,  2l)t) 

Ancient  InvoMthma,  loo 
Anhydrite,  260 
Aniline  tttnl  water,  4 
Annealed  glas@.  240 
Annunciator,  487 
Ano  kalo,  808 
A(|Utttlc.  plnnti,  287 
ArngcmltP  Ueroltrone,  258 
Ar>e^eBcpnt  magnetic  OgurM,  806 
-4ktmature,  B18 
Armature  core,  013 
Armature,  drum,  4T8 
Armature,  (Iratarae,  474 
Arrangement  of  battery  celw.  420 
Arrangement  of  polarker  and  analy»ep, 
5188 

Art,  deeoi*atlve,  auggeatlons  In,  *2(2  „ 
AacMialtraal  power  of  heated  air,  Im 
Aspirators,  ft)!  .  .  .  . 

Aaplratora,  blaat  protjuewl  by,  lOa 
Aspirators,  ('hapman'M,  1 00 
Aaplmtora,  receiver  for,  105 
Atmoaphere,  mishlng  force  of,  80 
Atmoapherle  prewsure,  Ot 
Atomlalng  patroleura  burner,  1 01 

Bam  plate  holder,  820 
Baianeo,  84 

Balance,  readily  made.  Hit 
Balance,  thermoaeople,  185 
Ball  bearing®,  lo 
Ball  ftxperhnent,  00 

Balloon,  dliatatlon  of  In  a  vacuum,  88 
Balls,  dropped  and  projected,  43 
Bar,  corapetnnd,  182 
Barometer,  01 
Bantu  t.  I'rof.,  IflS 
Barry.  Plilllp,  107 
BatteriM,  twofluid,  400 
Batteries,  polarisation  of,  303 


Battery  and  galvanometer,  experiments 
with,  80* 

Battery,  caurdlc  {KUa>th.  tOH 
lIttUery  celh,  arrMUKcmciu  of,  420 
Battery,  chromic  a*  ul,  112 
Battery,  I'anleli,  un» 

Battery,  dry.  Hr.  t*a»>«nerH,  4UT 
Battery.  Fuiler,  413 
Battery,  gravity,  4lo 
Battery,  tJremu,  .100 
Battery,  tinue.  411 
Batimy.  large  plutige,  40l 
Battery  (ilwte*.  riiugbctdng.  418 
Battery,  »«H-i»nda)'y,  lorMiaihm  «»f,  4»0 
Battery,  eimple  piitniKe,  400 
Battery,  tWh. 

llallery,  lliermo  electric,  422 
Beach  oyro  {miawl)  thncloW'r.  321 
B«*c‘h  wing.  tlniibBiig  hi«»ks»  of,  20 1 
Bell,  Alexander  Uralmm.  lot) 

Itell  In  vartlo,  Oh 

Bcii,  over  t«»ne»  iff,  I  14 

itell.  iMiiarlml,  4^2  _ 

Bell  telephone,  principle  of.  477 
Bichromate  of  p«.t»«h.  ;uio 
Blcyrlew,  ««td  #h»fl«  of,  10 

Bltllar  »u»|wn»bm.  /ffi 
Bird,  lM»i’h«lilc«l.  I'roMndw.  Ul 
Black  glMw  |)Ni*lari#er.  TM 
Biack  io«e«  ««n  jihotograph^,  .lit 
BittckwiPil  «!««*.  pidaryatloii  by  reflw* 
tlott  from,  240 

Blawl  prmhired  by  asidrstor.  U)o 

Blood,  rlrctdaibui  of,  iWft 

BwHeit.  falling.  :w 

Bohnentterger  marblne.  it 

ilolUftM  water  In  tamo,  l»8 

iiwlMna  Hh*.  I'm 

Bomb,  rtttidie.  103 

BoowerMna.  HSt 

Border,  romp«»Be.  2?h 

itonler.  datio  and  frie*e.  274 

Bomiuet.  phantotti.  211 

Box,  ttiwsfeal.  uo  *  .,« 

Branch  clrc»tll«,  |«l»l  rp«l»5«n«*o  of,  448. 

iimnchtptt*,  'iWi. 

Braalilafl  t»ebbte<«.  S«i» 

BrWgo  k«*y  and  rnunrs'llona,  441. 
tiridgo  r«»»l»ta«ro  tM«»„  44  4, 

Bridie,  WheatRton#**.  443. 

Ilridp*»,  rallrttad,  vli»r«lt»»n  of,  I2i, 
Bromine  tiox,  842, 

Brown  «n  i»tiot**ira|»h»,  fl2“, 
BnflSng  ttm  plate,  3ltC 
B«lli«,  121. 

Bwnswa'a  Biter  ptiwp.  I«»2 
|Umier,  twtrolenm.  |i»l, 

Buralliw  Bi'Whv'ote,  14. 

Bu»i,  07. 

HartwlHBi.  wilptafa  «f.  212.  2T4 

C*«lcjt«»,  288 

t'alrlnm  stiBihlde.  lf» 

(‘awora,  adftwl«**H!  «C  aio. 
futnorit,  pholti^rspWr.  SIS. 
t'amora,  foirkrt.  fci. 
fantlle  iiomti,  103. 

I'Mplflarlty.  W 
t'apBlary  doprM(«l«n,  #0, 
t‘«pl|l«ry  elovatbm, 
fftpllot  Mt  W«»blB»tt»n,  ISft 
t*»rt»«nle  arid,  aftntirirtion  rrf,  by  rbar- 
coal,  144,  IW. 

f'arlmnh*  arid,  f«r  o*t^rl«et»t.  11  prw* 
pararlntj  »»f,  «s, 

4tt2, 

f*ard  rxrwrimettt  IW». 
t*wrt«lai»  diver,  ft, 
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€ast  iron  field  magnet,  508. 

Caustics,  208. 

Caution  about  Illumination,  283. 

Cell,  gutta-percha,.  403. 

Cell,  wax,  making,  300. 

Centrifugal  force,  11. 

Centrifugal  force,  action  of,  on  air,  12. 
Centrifugal  force,  action  of,  on  liquids. 


X  I  . 

Centrifugal  force,  top  for  showing  the 
action  of,  13. 

Centrifugal  railway,  11. 

Centrifugal  siren,  171. 

Chapman’s  aspirator,  103. 

Charcoal,  absorption  of  carbonic  acid 
by,  64 

Chemical  thermoscope,  198. 

Chime,  electrical,  384. 

Chloride  of  silver  cell,  405. 

Choral  top,  12. 

Chromic  acid  battery,  412, 
Chromotrope,  217. 

Chi'ysoberyl,  261. 

Chrysolite,  260. 

Church  windows,  rattling  of,  125. 
Ciliated  organisms,  microscopic  examina¬ 
tion  of,  Dy  intermittent  light,  292. 
Circuit  of  simple  electric  motor,  505. 
Circuits,  brancm,  448. 

Circular  polarissation,  253. 

Circulation  of  blood  in  fish’s  tail,  295. 
Circulation  of  blood  In  frog’s  foot,  205. 
Clamond’s  thermo-electric  battery,  422. 
Clappers,  116. 

Cleaning  glass  for  polariscope,  262. 
Clock,  one  hundred  year,  54. 

Clock,  Wheatstone’s  polar,  269. 

Clocks,  application  of  pendulum  to,  49. 
Coating  the  plate,  340. 

Cohesion,  56. 

Cohesion,  demonstration  of,  56. 
Cohesion,  force  of,  on  liquids,  56. 
Collimation  of  telescopes,  313. 

Color,  214. 

Communicating  vessels,  equilibrium  In, 


74. 

Commutator,  517 
Commutator  brush,  519 
Compact  telescope,  316. 

Comparison  of  sound  and  light  waves, 
200. 


Composite  border,  276 
Composition  of  vibrations,  186. 
Compound  bar,  183. 

Compound  microscope,  281. 

vibrations. 


Ooi^oundlng 


rectangular 


Compressed  air,  99,  100. 
Compressibility,  6. 

Compressing  pump,  96. 

Compression,  4. 

Compression,  heat  due  to,  194. 
Compressor,  292. 

Concave  cylindrical  mirror,  208. 
Concave  reflectors,  192. 

Concave  spherical  mirror,  211. 
Concentration  of  sound,  158,  162. 
Condenser,  electrical,  381. 

Condenser,  sub-stage,  285 
Conduction  of  heat,  193. 

Conduction  of  sound,  126. 
Conductivity  of  metals,  194. 

Cone,  mica,  248. 

Conical  pendulum.  46. 

Conjugate  foci,  204. 

Connections  of  plating  dynamo,  496. 
Consequent  pole.  353. 

Contact  prints,  325. 

Converging  rays,  convex  lens,  206. 
Converter,  358. 


Convex  cylinder  mirror,  208. 

Copyingj  photographic,  319. 

Cotton  in  alcohol,  1. 

Coulomb,  lines  of  torsion,  53. 

Course  of  light  through  Iceland  spar, 
234 

Course  of  light  through  a  prism,  203. 
Cricket,  116. 

Crooke,  W.  A.,  189. 

Cross,  Maltese,  249. 

Crushing  force  of  the  atmosphere,  89. 
Cryophorus,  Wollaston’s,  188. 
Crystallization,  examples  of,  274. 
Crystals,  211. 

Crystals,  leaves,  stalks  and  flowers,  277. 
Crystals,  panel,  with  ornaments  of,  274. 
Crystals,  polariscope  for,  255. 

Crystals,  wide-angled,  255. 

Current  generator,  simple,  468. 

Curves,  magnetic,  formation  of,  354. 
Curves  traced  by  vibrating  rods,  304. 
Cutting  prints,  325. 

Cycloid,  40, 

Cycloidal  curve,  62. 

Cycloid,  method  of  describing,  42. 
Cyclops,  290. 

Cylindrical  mirror,  134. 

Daguerre,  337. 

Daguerreotype  fixing,  344. 

Daguerreotype  gallery,  342. 
Daguerreotype  gilding  or  toning,  344. 
Daguerreotype  plate,  coating,  340. 
Daguerreotype  plate,  developing.  344. 
Daguerreotype  plate,  scouring,  337. 
Daguerreotype,  337. 

Daguerre’s  discovery,  344. 

Daniell  battery,  409. 

Daphnla,  291. 

Dark  room,  341. 

Davy,  518. 

Dead-beat  galvanometer,  434. 

Decorative  art,  suggestions  in,  272. 
Depolarization  of  electrode  by  mechan¬ 
ical  agitation,  416. 

Deprez-D’Arsonval  galvanometer,  434, 
Designs  on  wire  cloth,  62. 

Destruction  of  life  by  removal  of  air, 
98. 

Detail,  to  bring  out  in  a  photographic 
negative,  323. 

Determining  speed  by  resonance,  109. 
Developer,  Beach,  pyro-potash,  321. 
Developer,  hydrochinon,  323. 

Development  of  plates,  321 
Diamagnetism,  464. 

Diaphragm  ceil,  179. 

Diaphragm  iris,  285. 

Diaphragm  microscope,  281. 

Diaphragms,  vibration  of,  642. 
Diatoms,  markings  on,  230. 

Diffusion  of  gases,  66 
Diffusion  of  gases,  law  of,  71. 

Diffusion  of  gases,  simple  way  of  show¬ 
ing,  66,  67. 

Dilatation  of  a  balloon  in  a  vacuum,  85 
Dimensions  of  motor,  521 
Discharge,  electric,  over  finely  divided 
metal,  375. 

Discharger,  jointed,  38. 

Disk,  with  silvered  beads,  175. 
Disruptive  discharge,  384. 

Distribution  of  electricity  on  the  plates 
of  the  Wimshurst  machine,  374 
Diver,  Cartesian,  79. 

Diverging  rays,  concave  lens.  206. 
Diversion  of  electric  discharge  by  mois¬ 
ture,  377. 

Divisibility,  4. 

Divisibility,  extreme,  4. 
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Ddulilft  mmithplwc',  IKO. 

iHiubU*  iniltiriKiitiim  t>y  hIhicI**  »**!• 

ItuubU'  I'l'fniflltiti, 

Doiilili'r,  NtiiTfmlK’W.  "•‘•i 

Itoubllng  luiokH  tif  wiiiK.  «U(J 

Dmiii'r,  b.'SH 

Driving  gt'ai'i  ffUil'Mi,  ri>r  it  gy  tunrujM*, 

2(). 

DropiK’d  a  lie!  pntjiuit'il  ImlN,  iU.  M. 
Drnim,  liiiiw  .iL 

Drutu  armature, 

Dry  ubJtHia,  ciulck  mellttul  tif  numtUltiB. 
UUT. 

Duuii  tearw,  r»7, 

Dynaiiile  elceirUity,  IIU». 

Dytiiirati,  I'lwtro  jilatlug,  4l)r». 

Ityutimii,  Uftiit!  jHiwer,  iS?. 

Dynaiuti,  nrlmiiiU'M  t»r.  Ulft. 

Dynamo,  Wt'wlIiiMltouw*,  .l.iS. 

Karth,  magniibm  by  ludiHii*»ti  fnita. 

Marilt's  ruttttloti  shown  hy  n«*iuluuiffi.  1?. 
I'kNt  Uh'wr  Uddgt*.  I«'U. 

Kattiti,  Prof,  A.  K.,  JUT. 

Dtllsim  lluumlng  lo  the  tlrwt  pbcmn^ram 
fnmt  I'Jittglantl,  Ibl. 

KtUttmi'*  ni*w  iihonttgranh.  131. 

Kfft'ti  «if  artmtilur*'  an  iiermittumt  wma 
nt*t,  liau. 

«f  magmiif  JmUiftlan,  ’tftl 
Km  and  lirlne  esimritnintt,  Kl. 

Kkwtliity,  tl. 

Wtlnathity  tif  gawB,  7, 

F.b'i'ttie  tiilmt».  JIK4. 

Dletirle  fHindutiwt'r.  BBlb 
Hlwirle  dlseharKa  throttKh  VRrtttim 
ano, 

Klwirle  dlatitarge,  varfims  phttut**  «f, 
Dlftirlf  fly,  a«S. 

KUnirle  ittaehhiB,  i?t>. 

Kieelrle  tiittchlnt*.  Winter’*,  atib 
Fieeirlc*  KiiUtir.  fllhl.  iTll, 

Firetrk*  raatur,  tiDy  rent,  4RI. 

Khnirlf  ptmtliilum,  ilfltt. 

Kieetrlettl  gyr«t!«tpt*,  24,  *i?. 

Wet'DieRl  gfrmntp^  tup  MhowfuS'  the  r«»- 
tat  hut  «r  the  earth,  Uft.  ai». 

Fleptrleal  mettBUrrittPisit*,  4-13, 

tmrfwikm  of  glam,  MH4, 
Rkftrlfftl  units,  4U8. 

KlHirtelty,  frlethitwl,  »S«. 

KieetrUitf.  ttiawwl,  flflS,  i 

KltHirhitf,  Tltrww  and  Ml 

ra»etrlfl«*a  threadi  Stl4. 

Kltsetm-aaKnet,  4Bt. 

IJkot:fo-m»fit»t.  esri^rimente  wHb,  4*14. 
Mwjtra-iMiRot,  ln***p»tt8lw,  4BI, 
Klwtredm,  mtvehanlralMtpubfteftihtn  t»f, 

KlwlTO-platluf  dfoftiBtt,  4M, 
Kl«?twt»lmruK,  MU, 

Meietroacupe,  flfll. 

with,  Mg 

attm!  pttlarliBtlan,  2Sfl. 
laammeter,  Tl. 

Bndomuw.  prewur#  hy,  TO. 
l^empment,  M. 

KnuatwriaUy  mountwl  ttlmrltil  tedl- 
f»at(»r,  as. 

Bt^UIbrliim  In  TOmmunkattaf 
Eukf.  gOfl. 

JJfhttUBtlttf  fWsilur  ttibi*,  DM. 

Kxosmctw,  CiT 

ferif'S?,',”-""  ™ 

Ettpftiwloia  of  mnm,  Ki. 

with  wktttlie  iw.  ISS, 


lAtrtlfiaU,  I, 

l.%frM«a(SI»i»ty  tay.  /.bi 
J.'yrptwra  {••I' 

PutiiuK  m.iUt-.,  as 

i'allltts  tenllfi,  trtS  *.r,  Jl» 

t''i{ty«rjjs  fir.-t»|s  l,*l. 

I'iehl  ttiWKin'l  ;<lt 

i-illMH,  lMl>  », 

I'iltHB.  UlUl.  bb.', 

tinnarji  4, 

l*is,U»«  Da  |4t«S*»3.  .4,”, 

I'islllll  414. 

Pfftgs'tfh’t.  t»'J 

.  !4a 

H«  MO*.  i.ia, 

Ftamr,  vSIwitilHM,  1 41 
114. 

iiaiiir«,  bimumUu^.  H;* 

»,f,  145, 

vilaaliius,  tiio 

fit,  f, 

Huilllu*  U«g«r8,  J4’f 

Fl»*w*»r#,  «»•«!»>« hf. 

Fly,  efprtrlr.  .inr. 

FIjf  lly.  1 1 1 
Flying  att. 

l'*!>  Wlirrla,  HU 
FIj-wImi,  hiwailMB  ,4,  31. 

I‘it  *lire|».  |!rtll«|r,  iitt 
Fm'tW,  j»rl««  lf»ir  >>t  Sens,  205. 

FiwilwittM  .!IU 

itiw 

FMintwlultes.  ;i«« 

F»rr»’,  s 

F«»r«t».  i|jin'!i  ««f  is  a  I 

Forre  Ilf  r«itr.s|8»»s  !«  Ifs<|t»l4«,  a«, 

,  F»rrfi  wf  mlr-sHtt,  I'j.a 

'  FMrtit«ll*‘W  ut  vvnifttmtf  420. 

Farw*  *if 

.  hV»l»r«ll|l*«  esfirt  |»| 

FmnWIii,  1*1 

;»t 

FrrfulRf  |»y  m|»M  188. 

rrv^mii.  2ISII. 

Fftritwii,  M 

Frtrth*tt,  lt»«i  4iip  trt,  Il#4 

:  Frfrfhutt,  |» 

;  Frirlliifi,  slltifii*.  1« 

irrirtittiiil  4fitfttg  gmm  tar  tjrroscopes, 

Ffirlten#!  am. 

Frm  phim, 

rist&r  4ia 

4«l 

ww«|«*rl*it,  i*»- 
tialfert,  ;|i:i 

«#♦*!  |*«#rr  •«f»*irlment£ 

DstfBOwitPter.  itefiw  |r,|««n¥ai,  334 
Minmtam**  imr  producing' 

tla«  i7. 

ti, 

al»w|itl»fi  «f,  #1, 

f||®*****“**  *^Wpl*  Wtf  of  BhoW 

llaW.  ^3 

weltlifttt  mt  Htt. 

SIMI 


Mmmf*  #r|  teiiterf.  4ft? 


m.  287. 
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Gathering  microscopic  objectB,  imple¬ 
ment  tor,  287. 

Geissier  tube,  exhausting,  104. 

Geissier  tube,  seit-exciting,  365. 
Generator  ot  currents,  302. 

Gilding  and  toning,  345. 

Girder,  breaking  o£  by  pith  balls,  127. 
Glass,  hand,  88. 

Glass,  perfectly  elastic,  7. 

Glass,  pulse,  184. 

Glass,  strained,  241. 

Glass,  strained  by  heat,  243. 

Glass,  strained  by  pressure,  243. 

Glass  top,  12. 

Gloucester  cathedral,  159. 

Glow  of  the  negative  collectors,  378. 
Glow  of  the  positive  collectors,  378. 
Gold  crystals,  291. 

Goldfish,  circulation  of  blood  In  tall  of, 
297. 

Gramme  armature,  474. 

Gramme  machine  for  illustration,  472. 
Gravity  battery,  410. 

Green,  John,  317. 

Grenet  battery,  bottle  form,  399. 

Grenet  battery  with  air  tubes,  415. 
Grindstones,  bursting  of,  37. 

Grove  battery,  411. 

Gun,  Quaker,  43. 

Gutta-percha-lined  cells,  403. 

Gyroscope,  19. 

Gyroscope,  electrical,  24,  27,  31. 
Gyroscope,  friction  driving  gear  for,  20. 
Gyroscope,  pneumatic,  21. 

Gyroscope,  steam,  21. 

Hammer,  water,  39. 

Hand  glass,  88. 

Hand  power  dynamo,  48, 

Harmonica,  120. 

Harmonica  vibrations,  126. 

Harp,  Marloye’s,  122. 

Heads  of  field  magnet,  512. 

Heat,  181. 

Heat,  conduction  of,  193. 

Heat  due  to  friction,  194. 

Heat  due  to  pressure,  194. 

Heat,  latent,  185. 

Heat,  a  mode  of  motion,  181, 

Heat,  radiant,  Tyndall’s  experiment  on, 
189. 

Heat,  reflection  of,  193. 

Heat,  reflection  and  concentration,  192. 
Heated  air,  ascensional  power  of,  196. 
Heating  tool,  299. 

Hemitrope,  258. 

Hero’s  fountain,  rotary,  18. 

Herschel,  212. 

Hoffman,  223. 

Holder  for  soap  film,  203, 

Hooke,  200. 

Hooke’s  invention,  54. 

Hot  air  motor,  196. 

Hundred  year  clock,  54. 

ITuyghens,  200. 

Huyghens’  inventions,  49. 

Hydraulic  ram,  80. 

Hydrochlnon  developer,  223. 

Hydrostatic  press,  hypothetical,  76. 
Hydrostatic  press,  principle  of,  75. 
Hydrostatic  pressure,  72. 

Hygrometry,  196. 

Hygroseope,  197. 

Hygroscopic  roses.  198. 

Hygroscopic  and  luminous  roses,  198. 
Hypothetical  lens,  203, 

Iceland  snar,  233. 

Tllumlnation,  caution  about,  283. 
Illusion,  disk,  175. 


Illusion,  optical,  Rapleffl’s,  230 
Illusions,  228. 

Illusions,  optical,  223. 

Impenetrability,  1,  2. 

Implements  tor  gathering  microscopic 
objects,  287. 

Incandescent  lamp,  221. 

Inclined  plane,  40. 

Indicator,  electric,  33. 

Induced  current  from  Induced  magne¬ 
tism,  467. 

Induction  machine,  WImshurst,  370. 
Induction,  magnetic,  473. 

Inertia,  8.  • 

Inertia  of  air,  109. 

Inertia  locomotive,  9. 

Inexpensive  air  pump,  91. 

Infusoria,  290. 

Insects,  278 

Instantaneous  photography,  319, 
Instruments,  stringed,  124. 

Insulating  stool,  387. 

Intensification  of  photographic  nega¬ 
tives,  234. 

Intensity  of  light,  222. 

Intermittent  light,  examination  of  cll- 


Intermlttent  light,  examination  of  cil¬ 
iated  objects  by,  292 
Interrupter,  light,  for  microscope,  293. 
Inventions,  ancient,  100, 

Iodine  box,  342. 

Iodine  cell,  189. 

Iris  diaphragm,  285. 

Irradiation,  221. 

Isochronlsm,  51. 

Jew’s  harp,  143. 

Joint  resistance  of  branch  circuits,  448., 
Jointed  disehaiMjer,  380. 

Journal  box,  619 
Jupiter,  314. 

Kaleidoscope,  213. 

Kater’s  reversible  pendulum,  48. 

Kent’s  trough,  295. 

Key,  bridge,  447. 

Kits,  photographic,  319. 

Koenig’s  manometric  flames,  178. 

Lamp,  Incandescent,  221. 

Lantern  slides,  825. 

Latent  heat,  185. 

Lateral  pressures,  79. 

Latour,  Cagniard,  172. 

Law  controlling  gyroscopic  movement,. 
3  2 

Law  of  diffusion  of  gases,  71. 

Law  of  falling  bodies,  39. 

Law,  Pascal’s,  73. 

Law,  Pascal’s,  demonstration  of,  72. 
Leaf,  sensitive,  197. 

Leclanehe  battery,  406, 

Le  Conte,  Dr.,  1(55. 

Length  of  resonant  tube,  145. 
Lengthening  the  spark,  378. 

Lens,  hypothetical.  204, 

Lens,  sound,  166. 

Lenses,  204. 

Lenses,  forms  of,  204. 

Leyden  jar,  382. 

Leyden  jar,  attachment  to  Wimshurst 
machine,  373 
Light,  200. 

Light,  analysis  and  synthesis  of,  213 
Life,  destruction  of  by  removal  of  air, 
9^. 

Light,  Intensity  of,  222. 

Light  Interrupter  for  microscope,  293. 
Light  modifier,  285. 

Light,  polarized,  233. 

Light,  polarized,  experiments  in,  230. 
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Light  and  sound,  reflection  of,  150. 
Lines  of  force,  354. 

Liquids,  72. 

Liquids,  compressibility  of,  72. 

Liquids,  pressure  exerted  by,  72. 
Liquids,  top  for  showing  centrifugal  ac¬ 
tion  on,  13. 

Lissajous"  experiments,  136. 

Lithic  acid,  273. 

Lockyer,  J.  Norman,  214. 

Locomotive,  inertia,  9. 

Lubricant,  friction  lessened  by,  9. 
Luminous  paint,  198. 

Luminous  iroses,  198. 

Magnet,  electric,  457. 

Magnet,  electric,  for  experimentation, 
458. 

Magnet,  field,  cast  iron,  508. 

Magnet"  forming  the  field,  503. 

Magnet  and  rolling-  armature,  358. 
IMagnets,  floating,  357. 

Magnetic  curves,  arborescent,  356. 
Magnetic  curves,  formation  of,  354. 
Magnetic  curves  In  relief,  355. 

Magnetic  induction,  466,  473. 

Magnetic  induction,  effects  of,  351. 
Magnetic  key,  478. 

Magnetic  pole,  neutralizing  effects  of 
an  opposing,  352. 

Magnetic  top,  358. 

Magnetism,  347. 

Magnetism  by  induction  from  the  earth, 
347. 

Magnetism  by  torsion,  348. 

Magnetization  of  bars,  348. 

Magneto-electric  machine,  476,  479,  481 

Magnifier,  water  bulb,  208 

Magnus’  experiment,  33 

Maltese  cross,  249 

Manometric  flames,  135 

Manometrie  flames,  Koenig’s,  178 

Markings  on  diatoms,  230 

Marloye’s  harp,  122 

Mars,  314  . 

Masked  electrlcltv,  362 
Mayer,  Prof^  A.  M.,  357 
Mayers  floating  needles,  367 
Measurement  of  time  by  pendulum,  49 
Meaijnrements,  electric,  442 
?foasurlng  jar,  383 
Lvlechanlcal  bird,  Penaud’s,  111 
Mechanical  depolarization  of  electrodes, 
414. 

Mercurial  column  supported  by  atmos¬ 
phere,  91 

Mercurial  shower,  5 
Mercury  bath,  344 
Metals,  conductivity  of,  194. 

Metallic  thermometer,  182 
Metal  lophone,  119 
Mica  cone,  249 
Mica  Aims,  258 

Mica  objects  for  polariscope,  247 

Mica  plates,  203 

Mica  semi-cylinders,  248 

Mica  semi-cylinders,  crossed,  248 

Mica  star,  fan  and  crossed  bars,  251 

Mica  wheel,  260 

Microscope,  modern,  284 

Microscope,  simple  polariscope  for,  306 

Microscope  slides,  withdrawing  air  from. 

Microscope,  water  lens,  279 
Microscopic  examination  of  ciliated  or¬ 
ganisms,  292 

Microscopic  exhibition  of  vibrating  rods, 
304 

Microscopic  objects,  gathering,  287 


Microscopic  objects,  simple  polariscope 
for,  262 

Microscopic  objects,  various,  287 

Microscopy,  8 

Mill,  -Barker’s,  79 

Mirror,  convex  spherical,  211 

Mirror,  cylindrical,  134 

Mirror,  rotating,  132 

Mirror,  spherical,  210 

Mirrors,  20 

Modifier,  light,  284 

Molecular  actions,  56 

liloleeular  forces,  4 

Molecules,  adhesion  and  cohesion  of,  66 
Moon,  315 
Mortar,  390 
Motion,  8 

Motion  produced  by  permanent  magnet, 
349 

Motion,  vortex,  114 

Motor,  electric,  470 

Motor,  electric,  simple,  497 

Motor,  hot  air,  196 

Mouth  organ,  120 

Mouth  used  as  a  resonator,  143 

Mouth  vacuum  apparatus,  100 

Mouthpiece,  double,  180 

Movement,  gyroscopic,  law  of,  32 

Multiple  reflection,  212 

Music  box,  119 

Musical  flames,  145 

Musical  instruments,  stringed,  7 

Musical  top,  116 

Nebulse,  315 

Neutralizing  effect  of  opposing  poles, 

Newton,  Sir  Isaac,  200 
Newton's  rings,  302 
Nicol  prism,  269 
Niepce,  337 
Niter,  258 
Noise,  116 

Norremberg  doubler,  simple,  245,  261, 
253 

Objects,  gjatherlng  microscopic,  287 
Objects,  mica,  for  polariscope,  247 
Objects,  microscopic,  various,  287 
Objects  for  polariscope,  244 
Objects  for  simple  polariscope,  307 
Objects,  telescopic,  314 
Oblate  spheroid,  17 

Ob^h^ie  lines,  apparent  deviation  by. 

Ocarina,  123 

Ohm’s  law,  427 

Optical  illusions,  223 

Optical  illusions,  curious,  226 

Optical  illusions,  Thompson,  228 

Ordinary  ray,  233 

Organ,  mouth,  120 

Oscillating  and  conical  pendulums,  45 

Over  ^development  of  photographic  plate. 

Over-exposure  of  photographic  plate,  322 
Over-tones  of  a  bell,  144 

Paint,  luminous,  199 
Pandean  pipes,  122 

Panel  with  ornaments  of  crystals,  274 
Parabolic  reflections,  169 
Parafllning  carbons,  402 
Pascal’s  experiment,  73,  91 
Pascal’s  law,  73 

Pascal’s  law,  demonstration  of,  72 
Pebbles,  Brazilian,  269 
Penaud’s  mechanical  bird,  111 
Pendulum  with  audible  beats,  47 
Pendulum,  application  of  to  clocks,  50 


INDEX, 


529 


Pendulum,  calculating  of,  length  of,  46 
Pendulum,  flying,  05 
Pendulum,  Jvater’s  reversible,  48 
Pendulum,  length  ,of  at  uammerfest,  45 
Pendulum,  length  of  at  St.  Thomas,  45 
Pendulum,  measuring  time  by,  49 
Pendulum,  oscillating  and  conical,  45 
Pendulum,  seconds,  45 
Pendulum,  simiole,  45 
Pendulum,  torsion,  52 
Perforation  of  glass,  384, 

Permanent  magnet,  effect  of,  on  arma¬ 
ture,  350 

Permanent  magnet,  motion  produced  by, 


347 

Persistence  of  vision,  220 
Persistent  rotation,  9 
Phantom  bouquet,  211 
Phonogram,  Mdison  listening  to,  151 
Phonograph,  Edison’s,  151 
Phonograph,  ffi’st  audience  of,  151 
Phonograph,  perfected,  150 
Phonograph  simple,  150 
Phonograph,  test  of,  156 
Phonographic  records,  156 
Phosphorescence,  199 
Photographic  camera,  318 
Photogi'aphic  clearing,  solution,  323 
Photographic  copying,  13,  19 
Photographic  negative,  to  bring  out  de¬ 
tail  in,  323 

Photographic  negatives,  washing,  325 
Photographic  plate,  over-exposure  of, 
321 


Photographic  print,  toning  solution  for, 
327 


Photographic  shutters,  321 
Photographs,  black  tones  on,  327 
Photographs,  brown  tones  on,  327 
Photographs,  fixing  bath  for  327 
Pi  otographs,  instantaneous,  319 
Photography,  318 
Photography,  best  season  for,  319 
Photography,  development  of,  321 
Photometer,  222 

Photo-mlcrographic  apparatus,  332 

Photo-prints,  coating,  325 

Pipes,  122 

Pipes,  closed,  123 

Pipes,  open,  123 

Pipes,  reed,  121 

Pith  ball,  electrical  attraction  and  re¬ 
pulsion  of,  359 
Pith  ball  electroscope,  391 
Pith  balls,  dancing,  390 
Plane  of  rotation,  change  in,  14 
Plant  hairs,  290 
Plante’s  secondary  battery,  418 
Plants,  aciuatie,  2S7 
Plate  holders,  319 
Plate  holders,  bag,  330 
Plating  dynamo,  connections  of,  496 
Plates,  tourmaline,  236 
Pleurosigma  angulaitum,  232 
Plunge  battery,  401  .  - 

Pneumatic  gyroscope,  24,  31 
Pneumatic  syringe,  6 . 

Polar  clock,  269 

Polariscope  for  determining  tempera¬ 
tures,  269 

Polariscope  for  large  objects,  262 
Polariscope,  mica  Ejects  for  247 
Polariscope  for  microscopic  objects,  262 
Polariscope,  objects  for,  244 
Polariscope,  simple,  for  microscope,  306 
Polariscope  for  wide-angled  crystals,  255 
Polarlscopes,  251 

Polarization  and  analyzation  by  a  bun¬ 
dle  of  plates,  244 
Polarization  of  batteries,  395 


Polarization,  circular,  259 
Polarization,  elliptical,  253 
Polarization  by  reflection,  237 
Polarization  by  refraction,  237 
Polarization  by  single  plate,  246 
Polarized  bell,  485 
Polarized  light,  233 
Polarized  light,  experiments  in,  230  ' 
Polarizer,  black  glass,  238 
Pollen  of  marshmallow,  290 
Polyprism,  203 
Pond  life,  278 

Popgun  used  as  a  pneumatic  syringe,  6 
Pores,  physical,  4 
Pores,  physical  and  sensible,  4 
Pores,  sensible,  4 
Porosity,  4 
Power,  storage  of,  9 
Practical  application  of  the  polariscope, 
268 

Press,  hydraulic,  simple,  77 

Press,  hydrostatic,  principle  of,  75 

Pressure  of  air,  89 

Pressure  of  endosmose,  67 

Pressure,  heat  due  to,  194 

Pressure,  hydrostatic,  73 

Pressure,  lateral,  79 

Pressure  for  sensitive  flames,  166 

Prince  Rupert’s  drops,  57 

Principal  focus  of  a  convex  lens,  204 

Principle  of  tangent  galvanometer,  439 

Printing  photographs,  326 

Prints,  contact,  325 

Prism,  course  of  light  through  a,  203 

Prism,  Nicol,  234 

Prism,  rocking,  214 

Prisms,  202 

Proboscis  of  blow-fly,  290 
Properties  of  bodies,  1 
Pulse  glass,  184 
Pump,  filter,  Bunsen’s,  102 
Pump,  Wlrtz’s,  109 

Quaker  gun,  43 

Quarter  H.P.  electric  motor,  510. 
Quartz,  259 

Quartz  polarized  circular,  269 
Quick  method  of  mounting  dry  objects, 
297 


Radial  disks,  176 

Radiant  heat,  Tyndall’s  experiment  in, 
180. 

Radiometer,  189 

Railroad  bridges,  vibration  of,  126 
Railway,  centrifugal,  11 
Railway,  spiral,  11 
Ram,  hydrauHc,  80 
Rapleff’s  optical  illusions,  230 
Ray,  extraordinary,  233 
Ray,  ordinary,  233 
Reaction,  80 

Reactionary  apparatus,  79 

Real  image,  206 

Receiver,  air  pump,  96 

Receiver  for  aspirator,  105 

Record,  phonographic,  156 

Recording  voltmeter,  454 

Rectangular  vibration^,  compounding  of, 

Rectilinear  motion,  conversion  of  into 
rotary,  9 

Reduction  of  volume  of  alcohol  and 
water  mixture,  3 
Reeds,  121 

Reflecting  telescope,  212 
Reflection  and  concentration  of  heat, 
192 

Reflection  and  concentration  of  sound, 
158 

Reflection  of  light  and  sound,  3  59 


I 


1 


530 


IMtKX. 


IleHe'cUoii,  mulUpU', 
iteUei'iors,  paruunlic,  KiV» 

Kt'lltHiiUm,  iiomi'uuiluu  Uy, 

Kelloc'Loi'H,  fout'HVf,  lt<~ 
lU'i'l-ai'Lloil, 

Uoi'nu'Uon,  duubUs  d.I.s 
lU'ti'tti'Uuu,  paltti'lisaium  liy'i 
Keii'ttctlon  of  moutiU,  UH 
iU‘-i*nriiirt«mi'Ut  or  wiuiiU,  HI 
UcBlaluiicc  box,  brUlgf,  *»•»  * 

KHHouttiU'c,  ilc'U'inuimuK  awni  by,  llJi» 
itL'HOiuuit,  moutli  um>cl  m,  i  to 
.UoHomim  Liibc'B,  Ho 
lU'Hommt  tuboM,  li-nKth  ui.  H» 

Uosoimut  Mi'b'iaotl  rniwi'r  m,  H« 

ItOMt,  H 

EesL,  ralatlvo,  H  _ 

llBVoi’Hlble  iK'iululuiu,  kators,  47 
kevolvJti^  tabioB,  HUbMtUnlo  for, 

Hockor,  't'rovfiyim.  Uia 
Hoc'lilug  oar.  lilt 
lloclUttf  |»rlt<ui.  slmiJlr,  iSH 
UodB.  vlbralliiK,  UH  ,  . 

UotlM,  Vibrating,  luteromtipir,  rxhiWtitdi 
of,  tibl 

Rolling  arnmtun!,  iloH 
UollliiK  frlolioH,  III 
Romi'm,  bygroMt’opk*  anti  lumlnoiw,  iWS 
Rotaiiiig  uUmir,  IJS- 
Rotatkm  of  tin*  mrtli,  gyn>»‘«p»‘  f.ir  3  «r|. ii 


(Stisiji  him, 

!  1  i  tl 

,'iiiiiiui,  » soil  t'«aiati<<n  i<r,  itl* 
ihMmiil,  *  >•111110  U"«  *<l,  l«a 
b-u-s,  »««., 

hututii  istul  fujotniird,  .tm 

^•001101  iru’Su't,  -illolfo-, 

ftolUul,  U<«  ttwnt  I  m»«  ru!  t  alioii  t,f 

I  ...H  * 

HolillU  rr!lr»  J «»» ,  ittilfir,  L'ttI 

I  »•  r*U«<s  >  s*Mtn<5  s<j.  III 
J  10 

(*>  »  iis* »>#>■',  lr«*|»,nrtt«tt',  UHl 

t  I  «««,  .l-» 

rtitprtrrtiM-s,  .'I,' 

Itig, 

ml  if 
Kjir!  1 1 

l»  «!  l«i,  « •<! .  -  »«» 

i*lr,  I) 

Hi* 'i,  ul«« 

fs  I’ H 
(!»l?  A  ,  S  I 
4*5  t  •!. 

SjtJ*  us»  •!  .4,  .'IIIH 

h|M 


BhowiiiK,  HU 
Rolallon,  nrwlBtPiit,  ft 
Rollfcr,  2IHI 


Ktttfa,  slMglv  flStii  4  ->sl4.' 

Ktariitts  I**** 

htnit.m  fhgHii-  iaii’)  -  *  *tf 


Uullft'r,  exhlbltinl  by  1 

UbU 

Rougboulng  Imttory  plattw,  -lilt 
Ruby  llglu,  Ulti 

Ritlla,  ftK  otiiimstrator*  anti  rraw{«i»  J  isajfa.t*,. 


■  4. 

SI  e«e»)  ir|«,  . 
.MtrrtSla  «,I4. 
Kfrsjlxj,  1«< 


1  ■;  I 


St  I*.?*  )  s-!S 

Istjs-S  rt.|Sr  >4  ;s 

^*IS#!|Ma-4  Ijliiae.  „•  |  1 

Sn  I  .4« 

i4l»  ItSigril  its  5';  ,  s 

?*l  1‘ISSSJ  a,  I  .11 
Heel»  slag*.  .  i4»|an,»i?,, 

3.sli|i|.‘n  -4  4si  aanff 
Hi  »!<' 

,4  ,  .•,'  ,1 

..f  t,|,|,<s  ai», 

HitlphuLi,-  i»  |.|  *65,4  flat,*  gjs 

l»stst  4!;. 

lisajf.ls  . -iifJls'f,  5  5is,i*c44ii 

ill 

f.js’ 


of  ttiutid,  I  fits 
Hallrltit*  1‘pyMtata,  yT!^ 

Ran  Halvadof,  ISP 
Hautonlur,  MtU 
Katurn.  ilH 
Ravari'a  wliw},  n>l 
'  Hdontitlr  top.  H.  IT? 

Kcourltig  till*  plati*.  auT 
Rwimlary  battory,  Ptanti?,  4IM 
Hpfoiuk  pt'iitlMlmii,  43 
RfPtlii,  ytitt 

HpliH’tMl  jitiwwr  t»f  rr»*it»pf  wr««4s.  111 

HolPtlRp. 

_  »t»tf-«*rRltlg  «b*i«»t»*r  ImIip,  »1*I5 

^  Hpir-lumlrifojs  bwoy.  iiiM 

1  Rpiwlblp  4 

I  MmuRIw  flawoi,  t«5 

1  imstt.lffi  fltttttw,  btinior  f^r.  liW 

I  MpmUIw*  Parora  *tili  «g#  at  4f4i«'iSs'' 

pmii«tri»,  irtH  (  ,.,5, 

St^nililw  prrtitiritt*  *««  t  ^m, ,  i  i 

for.  IHT 

I  Mwifltlw  t»*af.  lOT 

'  Www**r,  m*»rt'tirl«l  S 

IJlMtfpr,  pbHtnirapb.  Sill 

RjJtittPW.  pbolt^wpfelr,  3;*i 
Mjlwr  eblorlib'  r**ll,  4it& 

Pilfpf  aij 

!  SI»P|e  *»**  piiwp,  «i 

I  Ifapte  itti 

I  litopte  iwmlttlMw,  la 

1  bbomwaph.  1 4fl 

I  i|8@^  HttW  batf^ry.  3?« 

i  itefte  2Ii 

t  PWtt,  4f4 

IIMIm  frtpitett,  HI 
tattPry.  Sts 
twokt  wfittfc»  m 


i's 

I  4t  »)»  J 

‘  ^  i  fi 

'  -i  j-i  1  •  'i 

'Jt'lfi  Si 

'■ 

i  * '  '  'I  *  » 

If'  1/6  f 

'  *  <•'  ■='» 

I  ^  u  s-  !  a  ^ 

}  I-,,,-  1  . 

I  t.  49  ; 

,,r  3«. 

I  .f  /  6)1 1 , 

,  ^1.,  . 

j  'U  .  ,1-  ,  .  (, 

i  i  , 

^  «■  „  Z  U 


tftii 


INDEX. 


'Scope,  chemical,  198 
'Scopic  balance,  185 
metallic,  18i: 

*st:at,  simple,  ibrf 
Am.S,  250 

optical  illusion,  228 
sou,  i-roi.  aiivanus  F.,  228 
s,  electrliied,  804 
-  s  experiment,  149 
810 

tourmaline,  255,  260 
Solutions,  82V 
ex-iai,  loa 
Itameleon,  177 
ttoral,  12 

^periments  with,  16 
Aa-ss,  18 
ta-gnetic,  358 
•  Scientihc,  14,  178 
ai-  showing  centrifugal  action,  13 
inning  device  for,  14 
.  liOO 

Dili's  experiment,  91 
'XI,  7  . 

ia,line  crystals,  action  of,  234 
ta-line  tongs,  255 
xnuslcal,  IIG 
-  tory,  43 

iferrlug  objects  to  slide,  291 
le  for  air  pump,  95 
lyan  rocker,  168 
cles,  10 

"with  interrupted  conductor,  308 
•■S’  forks  and  resonant  tubes,  145 

1  tiid  batteries,  409 
a.11,  John,  181 

^ll’s  experiment  with  radiant  heat, 
124 

Healed  glass,  241 
i,  electrical,  426 
=sx*sal  discharger,  386 
Bi-sal  mici’oseope,  284 

txxn  apparatus,  mouth,  106 
xiin,  dilatation  of  a  balloon  in,  85 
xitn  produced  by  exosmose,  70 
•X'lzatlon,  181 

2  Hies,  siren  for  showing,  170 
e-tremne,  244 

a. ting  flames,  130 

a. ting  flame  apparatus,  184 

Etting  rods,  118 


Vibrating  rods,  microscopic  exhibition 
of,  8l>i 

Vibrations,  composition  of,  136 
Vibrations,  compounaiug  rectangular, 
140 

Vibration,  longitudinal,  of  rods,  121 

Vibrations,  harmonic,  126 

Vial  for  four  liunids,  81 

Virtual  image,  207 

Vision,  persistence  of,  220 

Vitreous  and  resinous  electricity,  361 

Vocal  sounds,  re-enforcement  of,  141 

Voltaic  arc,  518 

Voltmeter,  expansion,  449 

Voltmeter,  recording,  454 

Volume,  reduction  of  by  mixture,  3 

Vortex  motion,  113 

Vorticella,  290 

Washing  the  negative,  325 
Watch  balance,  54 
Water,  boiling  in  vacuo,  98 
Water  bulb  magnifier,  208 
Water  colored  by  aniline,  4 
Water  hammer,  39 
Water  lens  microscope,  279 
Wax  cell.  Dr.  Stiles’,  300 
Wax  patterns,  700 
Webster,  D.  Watmough,  228 
Weighing  gases,  86 
Weight  of  air,  88 
Weight  lifted  by  air  pressure,  90 
Wheatstone’s  bridge,  443 
Wheatstone’s  polar  clock,  209 
Wheel,  gas,  80 
Wheel,  mica,  250 
Whispering  galleries,  159 
Winding,  514 
Wide-angled  crystals,  255 
Wide  angled  crystals,  polarlseope  for, 
255 

Wlmshurst  induction  machine,  a  modi¬ 
fied,  370 

Wire  cloth,  designs  on,  63 
Wirtz’s  pump,  j09 
Wollaston’s  cryophorus.  188 
Wreaths  of  smoke,  133 

Young,  200 

Zoetrope,  220 
Zylophone,  118 
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SCIKN'Ttl'lC  AMHKICAN  CYCLOPHDIA 
vTl  AMI  nrHHUvH  wiw 

/ail  pulilitthrd  in  Uh*  suitumn  ni  It  whs 

wrll  rwrivrtl  tty  Uir  ramr  quickly 

tlic*  favnr  of  |»ur«‘hu*»rts  imtl  ha**  Inut  im  lujprt*- 
Ct*«U’lltc«l  MiiU*.  ll  ll.'tH  krs'il  hy  rhcHllHtH, 

tecUiKslogisls,  lUicl  thow’  uiifHiiiihur  w-iih  llir  «tl»,  with 
ft|un.l  HueceHM,  tiiitl  huH  cUunoiHliwtctl  tlwt  n  l«H«k  which 
is  useful  in  Ihr  liiUomtnr  v,  furtoty  m  hoiur  ||  ronsi.His  of 
a  careful  rouipilution  of  Hit*  iiu<hI  us**fn|  st-cripis,  luul 
infornmlicm  Kcfniiun*  to  the  sropr  «i|'  iho  uhirh  have 

ajiireil  in  liic  SCn^NTlMC  A.MMRtCAX  f»»r  niotr  lluin 
H  cenlury.  TUr_  l*u!4u4irtH  now  tahn  jilrn*»nrf  in 
ofTcring  the  Twenty-fifth  Ktniwd 
Kdititui,  whieh  luw  heen  hrouMlit  ti|«  jSjT"  '  - 

to  the  lutcht  requirrinmlH  l«y  thr  fi*  j 

insertion  of  qt»o  new  fortmilie,  iiwk  _  '  ,4 

ing  it  the  latest  lunl  most  eoinplrlr  1®  ‘  %m 

volume  on  the  »uhjeet  of  freri|»t»  ,3  \ 

ever  ]tresente«!.  Over  I.y,t»*»»elerlr4  I 

fornmUe  urw  lime  e«»lleeletl,  sirnrly  ;«  | 

every  hmneU  of  the  iHeful  iirl«j  !*rmg  1 

renre»entwl.  Miiny  tif  the  |nineijwl  I  I  I 

suiwlaners  iilul  riiw  nuitrrialu 

in  the  tins  are  ile#erl!»ril,4in4  »liw«t  ■ '"''j 

every  itnjinry  relwtlng  to  fVtrtmihr  ■'■M 

will  he  found  answ-rmi.  It  it«  tinur  . . 

than  w  reeeipt  IwKsk,  n**  in 

eases  it  gives  nil  thr  iilitti«ldf4  «n«|  wjtrrirti  fontiinlit-*,  thlt* 
etiMhling  the  rriulrr  to  Inni  a  rrmpt  m-litrli  fii*»  hi*!  iwrwliar 
nmis.  An  Hlpbahryrnl  niMiinrwriil  wiiii  uimitiiaiit 
refVretiew  iiinkes  it  mi  r*i«»y  w«»ik  l«»  r««i*sill,  TIiok*  whit 
lire  engttged  in  Bin*  htattiii  of  Iii4n*»!tv  will  find  liiw 
of  the  grcMtrHl  pmetirttl  *tit»l  %ir  r•fi|frell41f  roitittirnti 

it  to  ihow*  who  art*  in  Mrarrh  of  »n  iti*ip|«r!i4r»it 
a*  they  will  find  many  forumla*  tor  Ihr  wwmil'rtetMr#  tif 
wtkhir  tw tirirs  witirli  will  In*  «oi!ti  itwm- liinr’*  titr  et«t 
of  thr  l«»ok.  Tin*  Aiiwnnif^  Ihr  vrty  litteit 
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or  readers  and  correspondents  is  crystallized  in  this 
book,  which  has  been  in  course  of  preparation  for 
months.  It  is  indispensable  to  every  family  and 
business  man.  It  deals  with  matters  of  interest  to 
everybody.  Tlie  book  contains  50,000  fads,  and 
is  much  more  complete  and  more  exhaudlve  than 
anytliing  of  the  kind  which  has  ever  been  attempted. 


The"Sc!flnttfle 
Amerlepn  Rpf' 
©ranrft  [look" 
bus  b«ien  eom- 
p  1 1  a  d  a  f  I  a  r 

ftt  II  (I  I  n  g  t  h  B 
sown  winta  of 
thouiunds.  1 1 
has  been  re¬ 
vised  by  eminent  statlatleliim.  Infor¬ 
mation  has  been  drawn  from  aver  one 
ton  of  Government  reports  alone.  It  la 
a  book  for  everyday  reference -more 
useful  than  an  encyclopedia,  because 
you  will  find  what  you  want  In  an 
Instant  In  a  more  condensed  form. 
Thfl  chapter  relatlnf  to  patenw,  trade¬ 
marks  and  eopyrlgnla  i«  a  thorough 
one  and  alms  to  five  Inventors  proper 
legal  aid.  The  chapter  ©n  manufac¬ 
tures  deals  with  most  Interesting  flg- 
urss,  admirably  presented  for  refer- 
en0».  Th»  chapter  d«alfng  with  Me- 
ohantcal  Movements  contains  nearly 
three  hundred  IllustrttUons,  and  Ihny 
are  more  reliable  than  those  published 
In  any  other  book  -  they  are  operative. 
Wilflvta  and  measures  occupy  a  con¬ 
siderable  section  of  the  book,  and  are 
Indispensable  for  purposes  of  refer¬ 
ence.  Slsty  years  of  experience  alone 
have  made  It  possible  for  the  publish¬ 
ers  ©f  the  Selentifle  American  to  pre¬ 
sent  lo  the  purchasers  of  thin  book  a 
remarkable  afgrefatlon  ©f  Information. 
Thfl  very  wide  mnga  of  topic®  covflredl 
in  the  "Sclflntlfle  American  Reference 
Book"  may  b®  Inferred  by  examlnlnf 
the  table  of  eontonta  on  back.  The 
first  edition  of  this  work  Is  10,000 
eopiBB.  Remit  ,$1.50,  and  the  book 
will  be  promptly  mailed.  Send  to-day. 
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HIS  w  a  itory  ol  outdoor  Wy  life^  fuggcftio^ 
a  large  number  of  divertioni  wbieb,  afide 
from  affording  entertainment,  wil!  itimwkte 
in  boyi  tbe  ereative  ipint.  In  eacb  instance 
complete  practical  initructioaa  are  gi¥cn  for 

1  *1 1  •  .  ■I  •  . «  1 


^  Tbe  needs  of  tbe  boy  camper  are  iupplifd  by  tb«  dircc- 
tions  for  making  tramping  outfit*,  il#«pi»|  bap  and 
also  sucb  otber  shelters  as  tree  bouies,  irtfctmw  b«te,  log  eabiM 
and  cares* 

^  Tbe  winter  diversion#  m Jude  iwitwi^oni  for  making  mm 
kinds  of  skate  siuls  and  eight  kindi  of  «©w  iboes  and  »k». 
besides  ice  boats,  scootew,  sledge*,  toboggans  and  a  peculiar 
Swedish  contrivance  called  a  renawolf, ' 

P  Among  the  more  instructive  iubiecti  covered  are  »urvey« 
ing,  wigwagging,  bJiotfra^bing  and  bridge  building,  in  wbteb 
siac  difl&rent  kin<li  of  bndgei,  inJuding  a  utmpl#  cMtiI«v«r 
bridge,  are  described. 

^^In  addition  to  ^ese,  the  book  contouM  a  large  number  of 
misceU^ous  devices,  suck  as  scows,  canoes,  land  yacbtf, 
windmills,  water  wbeJs  and  tbe  like,  A  complete  table  of 
contents  sent  on  request 
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